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ERRATUM 

On page 66, for pollicis read digitornm. 



INTRODUCTION 



A book by a. Surgeon on a subject closely related to his 
profession, but not intended exclusively for members of it, 
may call for some explanation as to origin and object. 

The City and Guilds of London Institute for the advance- 
ment of Technical Education, have, for some years past, 
conducted examinations in a variety of subjects : in these 
is included, under the head of Boot and Shoe Malting, 
I " The anatomical construction and natural functions of the 
human foot." On every subject but this, "Works of Refer- 
ence" are given, the list being often a long one, of books in 
English, French and German. On this subject not one is 
named. 

The want thus plainly indicated is felt also by those who, 
ia military or in civil life, or as regards either sex, desire 
to understand the principles of Physical Education, and 
who, knowing that the form of the body is inflnouced 
more by the manner than by the amount of muscular exer- 
cise, seek to learn how to direct it. Evidence is offered 
that, in at least one respect, the ordinary mode of using the 
feet, although supported by military authority, is wrong. 

Reasons have also been given why some ideal forms, as 
represented by artists, do not accord with a true appreciation 
I of the "essential character"* of the human foot. 

If the need of such a book be recognized, it will be ad- 
1 mitted that no one but a Surgeon would be likely to write it. 



Any special Htnesa I may have for the task ia due t<H 
the cirCDinstance that, more than twenty years ago, one of-H 
my own feet was very mneh damaged by an accident, in con-l 
sequence of which I was, for six years, always lame,J 
frequently in severe suffering. 1 owe my recovery to an in^l 
dependent study of the structuns in relation to the fiinctionsf 
of the feet, and the interest, thus strongly excited, hraV 
been kept ap, utthongh the personal Htimulns has, happily, J 
long ceased to operate. 

Details of Anatomy have, as far as possible, been avoidec 
Such as appeared to be necessary are given in the form o 
explanations to the plates, so arranged that the figures and 1 
the explanations may be seen at the same time. For thess i 
illustrationB I have been glad to rely on works of recognized J 
authority and 1 am indebted to my old teacher and friend a 
Mr Holden, for permission to copy from hia Osteology ; 
Messrs Longman, for the same kindness in respect of Gray*S 
Anatmmj. and to Mr Marshall, who very generously placed^ 
at my disposal the specially beautiful drawings in his'.^ 
Anatoviy for Artists. For other illustrations I am respon- 1 
Bible. 

To the printer, Mr Bellows, a "man of letters, or, rather of | 
words,"" whom I have the privilege of regarding as a per- 1 
aonal friend, and to his staff, particularly to Mr Huntley J 
the artist, my best thanks are due. 

Not without careful study, over many years extending, 
baa my book been produced. Not without hope that it will . 
prove to be useful, is it now presented. 

6, Clarence Street, Glouretlw, 
May, 1889. 

• Oliver WeniJellHolme«-/)"<-//««rfivrf D/i-yiii E»m)>f. 
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LANATION or PLATES 



w of the upper surface of the skelehm of the 

{p Iwnes are named as follows: — The Astragalus (Talus or 

uects the foot with the leg, the large bone of which 

it where the name ia written, clipping it on the inner 

u downwards as shown, in section, b; fig. 16, pi. 5, where 

' nmiiller bnne of the leg', is seen to clip it on the outer aide. 

^ on the Os Calcis (Calcaneum or Heel bone) 

fe IL projects, hanging' over on the inner side in front of the 

irtioQ of the latter bone is, on the onter aide, 

i It, The two bones named come np to a fairl; even lice 

A dirision at the joints is shown by fig. a, pi. 3. The 

ri head, elongated in one diietitiou into an oval fona, fits into 

f hollow in the Scaphoid bone, bo called from its boat-like 

ide is the Cuboid, having the form of a cabe, 

a Irregular. Eiteading from it to the inner margin of the 

ir Cuneiform bones, 

B ot the foot, named, form the Tarsus, corresponding to 
n the hand. The body of the foot Ib completed in 
Metatarsal Imnes, forming the Meta-tarsus, and fixed 
b Irregular line reoedisg backwards and outwards. They 
B S, the lif th hnviug a point projecting backwards by the 
'. This point is concealed in the living foot, bat a 
r-ards (bj can always be felt. 



;, Tibinaad Fibula. 



r euppoeed 



The Metatarsal are united ta the tarsal bones b; thEir bases, while their 
heada form the supports at the cootH of each of the five toes. Each bone ot 
which the toea conaiat ie called a phalanx, from a fancied reaemblance to 
aphalame of soldiers. These phalanges, two for the firat or great toe, 
tiree for each of the others, have their hases or pm^i-mnl ends towards tha 
foot, their hiadg or distal ends pointing; forwards. They are numbered 
first, (next the foot) seoand or middle and third or Gnal ; in the case of 
the great toe, hrst and second, or final, onl;. In the smaller toee, especially 
the fourth and fifth, the pluilangts are often indistinct, being fused 
together. 

The smooth articular eurface on the first milatarsal bone which helps to 
form a joint with great toe should be noticed. It eiteuds farther back on 
the side next the second toe, so that the great toe in moving upwards 
moTOa towards the position indicated by the dotted line. In tbe position 
OB Been in tha drawing it is eupposed to be fiat on the ground. 

A line from A to B is seen to pass by the side of the heel, and to cut off 
from the rest of the foot the two outer toes and their raetatareal bones. 
The lines C D and E F mark the irregnlar lines of hinges formed hy 
the joints. Their significance will be explained in the text. 



Fig. 2 shows the same (right) foot tnined over and the under surface 
Been. The very irregular projeotiona of the bones ooutrast strongly with 
the smooth surface on tbe upper side. These eiist for the attachment of 
moBclea, for the guidance of tendona, and for the proteotiun of blood 
veBsaia and uervea. The deep groove ou tie rolmid bone for a tendon, 
shown in fig. 14, pi. 5, is to be noted. 



The manner in which the a^tva^aXus overhangs is clearlj seen as well as 
the bracket-like projection of the m ealei' to support it. The greater part 
of the head of the aatragalsi. as seen where the name is written, is un- 
supported by bone, and rests in the complete foot on a ligament only. 
Compare fig. 1 1, pi. i, with fig. 5, pi. 2. 



Fig. 3 is a section, in. outline, of the three cuneiform and of the cuboid 
bones, taken obliquely acrosa each foot. It marks a transverse arch in 
eaoh foot, the two oombining to form a larger arch. 



Figs. I and 2, (adapted,) and fig. 3, [give 
Holden's Ostri'li'Sj/, 



a duplicate,) ore taken from 
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MUSCLES OF THE FOOT AND OF THE FOOT AND ^^| 




^^H 


Utin Names 


^^^^H 


Oftkt/oot (Jgl. 7, ID. 14. I'J)— 


^^^^H 


Abductor pollioiB 


... Abductor of the great toe ^^^^^B 


Abductor minimi digiti 


. . . Abductor of the Uttle toe ^^H 


Addnotor polliciB 


... Adductor of tbe great toe ^^H 


Flexor bre via pollicis ... 


... Short flexor of the great toe ^^| 




Short flexor of the smaller toes ^^H 


Flexor Aooeseorlns 


... Acceeaory fieior ^^^H 




... Lumbrical ^H 




... Tram. verse muBcle of the foot ^^H 


Interoasei 


... InterogaeouH—plantarand dorsal ^^H 




. . . Short extensor of the toes ^^H 


Qft1»,i^andfoi<t{Jlg>.&,\b. 


m- ^1 


1 Tibiftlifl'antions ... 


... Anterior tibinl ^^| 


2 ExtBnBor(longU8=)propr 
polliciB 


""j Extensor of Che great toe ^^H 


3 Eitensor longua digitora 


m... Long extenHor of the to<>B ^^^H 


i ParoneoB' tertiua ... 


... Third peroneal or fibular ^^^^^^B 


6 Peroneua broTia 


... Short peroneal ^^^^^^^| 


6 Peroueus longna 


... Long peroneal ^^^^^^^| 




|-Calf muBcles, ^^^^^H 


r SolenB,' uniting in the 


(.Tendon of Achilles ^^H 


7 Tendo AcbiUia 


8 PlantariB' 


... Plantar or sole muscle ^^H 


9 Flexor lougua poUiciB 


. . . Long flexor of the great toe ^^H 


10 FleiOrlongUBdigitorum 


... Long flexor of the xmaller toes ^^H 


11 Tibialia'poaticufl ... 


... Posterior tibial ^^^| 




Or worm-like. 
Atlaohed to the tibia. 
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There Is no Kpteial bLotC a 


teuBOT uf tbe gvevX ^^^^^^^^H 




Att«hedtotbe-.p^.n.G 


oek oquivailont of Bbula. ^^^H 




7orr^p belly iind Ktitim 1 


g; from its prominenpo in tbe oalt. ^H 
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THE HUMAN FOOT 



OF the two feet with which man is endowed, each may 
be regarded as the connterpart of the other, in every 
respect corresponding. It is, however, impossible to under- 
stand the feet, from whatever point of view they be regarded, 
unless we consider them in combination. 

I might have chosen The Human Feet for my title, bnt it 
would, possibly, have conveyed an impression that the 
varieties of human feet would be discussed, which would 
be foreign to my purpose. We are concerned with elements 
and characters common to the feet of mankind in general, 
or, at least, to all of the higher races. Little reference will 
be made to differences in type or in details aa found in the 
feet of different races or of individual persona. 

The two feet are perfectly symmetrical : a description of 
the right foot would serve equally well for the left, by the 
mere change of words having reference to the inner and 
outer sides in relation to a line between the two. Each 
fulfils a precisely corresponding purpose in respect of the 
two sides of the body, and each is necessary to the other in 
completing the support afforded by the two together. Thus, 
each, in relation to its fellow, is the complement as well as 
the counterpart. 



On the other hand there is a marked difference hetween 
the two sides of either one, taken singly, and it is most 
important that they who seek to understand the meehaniam 
of the foot shonld fully realize the utter absence of sym- 
metry between the inner and the outer side. 



It is for the purpose of assisting in this that fig. 3, pi. 1, 
fig. 9, pi. 3, fig. 16, pi. 5, and figs. 20, 21, pi. 7, are given in 
duplicate form. One derives a very different impression on 
regarding the contour of a foot, however beautiful, if it be 
Been singly or in combination with its fellow. Take, for 
instance, the outline of the sole as left in the foot-print of 
a naked foot. It is unmeaning, not to say awkward-looking, 
and can hardly strike one as elegant at all. But if we look 
at the two together, as shown in fig. 20, pi. 7, we see at once 
how the outer line of one gracefully falls into the corre- 
sponding line of the other ; and a single foot-print, when 
next aeen, leavea a mental impression far more favourable, 
because it is associated with the fellow foot necessary to 
complete the figure. In form, then, each is the complement 
as well as the counterpart of the other. But this is not all : 
tlie two aides diflEer materially in structure and in function, 
as well aa in form. Nor can we determine the true princi- 
ples on which foot-clothing should be made, with due regard 
either to comfort and utility or to artistic effect, unless the 
elementary facts that the two sides are not symmetrical, and 
that each foot is the complement of the other, he kept con- 
stantly in view. The two sides of any form of foot-clothing 
should not be made to match ; the real beauty lies in the 
well-marked difference which is essential to utility, and 
this should be expressed rather than effaced in the clothing. 



It is from these four points of view — Form, Structore, 
Function and Clothing — that the human feet will be con- 
sidered. How closely they are all four connected together 
and bound up in each other will appear as we proceed. 



Feet are too commonly regarded, or at any rate treated, as 
if they were pedestals or plinths on which the legs, as pillars, 
rest in standing. Their great complexity of structure and 
the great variety of movement of which they are capable 
would seem to forbid any snch idea ; but if it be permissible 
to regard them in such an aspect at all, it must be not as 
two pedestals or plinths, but as the two halves of one 
divided, and the divisions separated. A front view or 
elevation, as seen in fig. 21, pi. 7, would, if represented in 
diagram, be like flg. 22 rather than like 23. 



Mnrldng tha differense between (wa holrsB of a, single plinth, snd two whole 

In the one there is expansion on both sidea ; in the other 
on the outer side only. But if the binder part of the foot 
be taken, as shown in a section through the ankle, (flg. 16, 
pi, 5) there is no lateral expansion at all. This is entirely 
in front, and, as shown in fig 21. pi. 7, is confined to the 
outer side. 

In the front or expanded part of each foot the inner 
margin is or should be straight, while the outer margin 
describes a bold curve, The straight inner margin is nearly 
in line with that of the heel, the two sides of which, fairly 
parallel, are directed forwards, or rather, very slightly 
outwards. 

All this is seen in pi. 7, where, in fig. 21, the outer parta 
of the feet have somewhat the appearance of being tacked 
on to the rest of the foot. This appearance is still more 



manifest in the skeleton, as seen ill pi. 1. A line drawn 
from A to B passes on the outer side of the third toe through 
the foot and along the outer side of the heel bone. This 
cuts off the two outer toes with the part of the foot behind 
them and in front of the heel. The area cut off by this line 
forms a kind of set-off in the ground-plan outside the main 
Btructure enclosed between it and the inner margin. Across 
the line of separation only one hone (the cuboid) projects, 
and this serves to connect the two outer toes with the part 
receiving the downward pressure of the body. The outer 
side of each foot does, in reality, act as a kind of buttress to 
the main structure. No auch influence is needed on the 
inner side ; an equivalent is more than supplied by the other 
foot. Here is a striking illustration of the statement that 
the one foot is the complement as well as the counterpart of 
the other. 

The prominences which the expansion of the leg bones 
form at the ankle should here be noted, and the observation 
made that the outer is narrower, that it cornea lower down 
and that it is situated farther hack than the one on the inner 
aide. 
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The inner margin differs from the outer in greater height 
as well as in absence of lateral expansion. This, how- 
ever, is not attended with fully corresponding increase of 
thickness. In great part the inner margin is raised up as 
well as thickened, so that a hollow is left beneath from the 
heel to the base or root of the great toe. An arch is thus 
formed, visible only on the inner side of the foot. The 
posterior pillar consists of the projecting heel, which abuts 
on the ground without lateral expansion on the ground line. 
The anterior pillar, formed by the heads of the metatarsal 
bones, (fig. 11, pi. 4) is unevenly extended on the ground 
line by the varying length of the toes. This expansion on 
the ground line is most solid and most extended in a line 



with the inner margin of the foot where it is formed by the 
specially developed great toe. The heel, the arch, the great 
toe, and the straight inner margin contrasting with the curve 
on the onter side, are striking characteristics of the human 
foot. 



The same figure, (pi. 4) shows how very deep the hollow 
beneath the sole on the inner aide would be if everything 
bat the bones were removed, and how very shallow it ia on 
the other side. In fact, the hollow parts of the two feet 
form the two halves of a dome, which, however, is shaped 
somewhat irregularly. The vault is more expanded in the 
longitudinal than in the transverse diameter, and the longi- 
tudinal diameter more extended in the anterior than in the 
posterior direction. The onter expansion, as seen in the 
drawing, touches the ground along a part of its margin only, 
the part formed by the heads of the metatarsal bones at the 
roots of the five toe:*; but, when the sole is filled up and the 
bones are covered with their usnal covering of soft tissues, it 
is only in very highly arched feet that any opening is left 
beneath. Thns the dome-shaped character of the two feet, 
taken together, is made even more complete, if leas con- 
spicuous, when the foot is in the ordinary condition than it 
is in the skeleton. The extent and form of the area which, 
when the two feet are close together in standing, is not 
pressed npon but covered in by a dome or belt-shaped 
covering, is aeen in fig. 20, pi. 7. 



The inner margin of these semi-domes will be the subject 
of frequent reference. Each forms the visible portion of 
the arch already mentioned, which is not only a striking 
feature but plays a most important part in the mechanism 
of the foot. Formed by a rising of the sole or planta, it is 
frequently called the plantar arch ; sometimes from the fact 
that it consists mainly of the bones of the tarsus (the name 
applied to the bones coUectively forming the body of the 



foot or instep) it is epoken of as the tarsal aruh. This 
structure ha,s been regarded as a weak point in the construc- 
tion of the human body ; an eminent snrgeon, distinguished 
as a practical and philosophical anatomist, speaks of it as 
one of nature's hardest tasks to make and maintain well and 
strong. I do not concur in that view : my contention for 
many years has been that, given fair play to the functions 
of the foot, the arch will, even in respect of provision against 
deformity, bear comparison with any structure in the body. 
Taking the astragalus, (pi. 1 and 4) on which the legs 
directly rest, as the key-stone, the posterior division is com- 
posed of one bone only, and the downward pressure from 
the leg is transmitted through it to the ground while the 
bone is inclined at a slightly diverging angle. Thus the 
maintenance of the structure in this part presents no great 
difficulty : it is the part anterior to the astragalus where 
the weakness is most apparent. A failure or sinking of it 
causes the ankles to topple over, as often seen in weakly 
children, the condition being well known as " weak ankles." 
A still greater sinking constitues Hat-foot. 



The object for which the arch of the foot exists is gene- 
rally stated to be that of giving elasticity by yielding to 
pressure. It is supposed to afford something of the up-and- 
down movement of a carriage spring, but this element, 
although sometimes very useful, is very much over-rated, 
^^L Elasticity of tread depends on a very different cause. The 

^H best feet have the arch the most rigid and unyielding. 

^H Special provision, to be hereafter described, is made to 

^H prevent the arch from yielding in active exercise, and in 

^H good feet it gives way but little, even in standing, provided 

^H it be for a moderate period only. Such elastic property as 

^H it possesses would be beneficial in breaking the shock of a 

^H fall from a height, if the weight should come directly on 

^H the/oo( rather than on the toes, as it ought to do; but the 

^H main purpose which the arch serves is, in my view, that 



room is provided iu the hollow for various important parts, 
inclading blood vessels, nerves and a number of araaJl 
muscles, ■which are thus preserved from the injurious influ- 
ence "Which the weight of the body pressing them against 
the ground would occasion. The injurious eflFects of such 
pressure, when the arch has sunk and flat-foot has resulted, 
will be seen when that deformity is explained. 

If to the description given it be added that the legs 
which rest on the arch, that is to say, on the inner sides 
of the sections of the divided dome, have the lines of 
downward pressure directed inwards towards the margin 
of each section rather than outwards towards the circum- 
ference of the dome, and that these semi-domes are con- 
structed of yielding material, the statement may well lead 
one to exclaim that bad construction, from a mechanical 
point of view, could not be more forcibly illustrated. And 
yet such a description would te strictly true of the structure 
before us : the weakness is, however, apparent only. Such 
disposition to yield as there is exists for very good reasons, 
and the provisions against undue yielding are aa complete 
as could be desired. 

The foot is arched not only in the loiifjitudiual but also in 
the transverse direction. Fig. 3, pi. 1, is more than a dia- 
gram ; it accurately represents in outline a transverse section 
of the bones in about the middle of the foot passing in an 
oblique direction through the three cuneiform and the 
cuboid bones. It will be seen that while each foot forms in 
itself a transverse arch, the two, if joined together, would 
also constitute an arch. This figure gives another illustration 
in support of the statement that one foot is the complement 
as well as the counterpart of the other. The transverse arch, 
thus represented, can have but little of this supposed car- 
riage-spring action, being unsupported by any solid bearing 
at either end. It must, however, be obvious that blood 
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I and nerves lying in the hollow are much better 
protected from injury than if the bones presented a plane 
surface from side to side. 

The contour indicated by the bones of the transverse arch, 
as Been in this figure, is not that seen in the foot. On the 
onter siile of the slope rests the fleshy mass formed by the 
extensor hrevia digito-ntm mnscle, (fig. 15, pi. 5) which gives 
a ronndness of outline to the well developed foot. The 
well-known cast of the Venus di Medici has this feature 
very strongly marked, a little too strongly, as I think, for a 
foot which has little to suggest muacnlar vigour. This 
muscle lies on the top of the foot, free from injury by 
pressure in walking or standing. The more complex arrange- 
ment of muscles in the sole require the longitudinal arch to 
protect them. 

The very existence of this arch suggests the fact that 
the weight of the body falls on the two abutments, the heel 
and the expanded front part of the sole. The two parts do 
not, however, serve precisely similar purposes. We rest on 
the heel, but we tread on the front part. This latter, on 
which the weight of the body falls when the heel is upraised, 
is, therefore, conveniently called the tread of the foot. 

Much of the difficulty which is felt in any attempt to 
describe the form of the foot is due to the circumstance that 
it has no well-defined dividing tines : there is certainly no 
middle line. It will be seen hereafter that there is some 
reason for regarding the middle line of the second toe as, 
functionally, the middle one, but there is nothing in the 
visible form to mark this. 

Professor Meyer, of Zurich, more than thirty years ago, 
pointed out the important fact that, in a natural, healthy 
foot, the middle line of the great toe continued backwards 
passes through a central point in the heel. He might, I 
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think, have gone further, and aaid that all the toes radiate 
from that centre. This line, which should always he called 
Meyer's line, is shown in fig. 20, pi, 7. This plate is taken 
from a foot-print made by a foot, the sole of which had been 
covered with printer's ink, and drawn in duplicate. The 
subject was a hoy of eleven, whose feet I know to have been 
preserved from injury by boots. 

Meyer's line being on the sole is not, under ordinary con- 
ditions, visible, but, more than this, it has no surface mark 
to indicate its position. If, however, we continue the mid- 
dle line of the great toe on the upper surface backwards to 
the ankle, we find that it runs along the highest part of the 
foot ; it runs, in fact, along the crest of the ridge. Here 
we have something tangible, visible. This is a line to which 
reference may be made in studying the contour of the foot. 
It is shown by a black tracing in fig. 21, pi. 7, which is taken 
from a photograph of the same feet as those which gave the 
foot-prints in the adjoining figure. It indicates the course 
of the long extensor tendon of the great toe, just as Meyer's 
line follows the course of the long flexor. 



This line, seen upon the upper surface, but having its 
counterpart in the sole, marks, as we shall presently find, 
the principal line of action in the foot. I therefore regard 
the visible representative on the upper surface as the leading 
line of the foot, and propose to call it so. To so designate 
that which really marks the line of the great toe will serve 
to stamp the essential difference which exists, visibly, struc- 
turally and functionally, between the great and the smaller 
toes. 



The crest or ridge along which the leading line runs soon 
ceases to be marked, and in front of the ankle is entirely 
lost. It can, however, be traced by forcibly lifting up the 
great toe and feeling for the tendon going down to it. 



in 



This line must not he confounded with another visible on 
the inner side of the leg, and running down to the foot. 
This latter is very distinctly seen and felt when tlie foot is 
forcibly bent or flexed on the leg, as shown in fig. 24. It 
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marks the course of the tendon of a mnacle (tibialis anlicus, 
fig. 8, pi. 3), and the point of insertion into the inner margin 
of the foot is one of some importance to note, first, beeanse 
it is a point always to be found, and secondly, because 
it marks a line across the foot where a crease or bend must 
occur in any form of foot clothing. I propose, for the sake 
of a name, to call it the creasing point. 



The inner margin of a good foot shows a well marked 
ine, that of the arch, but this, even in a healthy well-formed 
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foot, is liable to vary according to position. Figs. 25 and 26 

I mark tliia. They are copied from pliotographa, taken at the 

Bame time, of the same foot, as shown on pi. 7, the black line 

' being previously marked on the skin. The only difference 

made was that which ia shown. In the first the foot was 

resting on the ground, bearing the weight of the body ; in 

'. 26 the body was raised to tip-toe, still snpported on the 

one foot. The two photographs were taken one directly 

after the other, and the drawings are faithful representations 

of the change in the curved line dne to the change of position 

alone. This curved line is also found to vary according as 

the feet are turned outwards or the toes inclined towards 

those of the opposite foot. 



Before the changes of contour and the movements on 
which they depend can be understood, it ia necessary to 
realize the Position of Rest — the position to which the foot 
always tends in repose, and which it instinctively seeks 
when in pain. This I have elsewhere described,* with 
reference to every part of the body, aa one of the least 
stretching of the ligaments which bind the bones together, 
and moat even adaptation of the joint surfaces to each other — 

L of least tension and least pressure. This is always found in 
a mean between the extremes of motion. Tljus, as regards 

\ the ankle, we might be quite sure that it would not be in 

I the position of the foot, as given in fig. 24 ; nor would it be 
.en the foot is fully extended. The presumption is that 

I it will be not far from a point midway between the two 
extremes. Even this will bring it towards extension, beyond 
the right angle of the standing position. My impression is 
that it generally inclines still further towards extension, as 
shown in the frontispiece. 

It is a curious circumstance, in connection with the 
position of rest in the foot, that the deformity with ■which 
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infants are not infrequently born, known as club-foot, is an 
exaggeration of this position. It is also remarkable that it 
involves a marked resemblance to the hinder-band of some 
of the Quailrumana, Indeed the position of rest in the 
limbs generally involves a departure from the human 
character, most manifest in action, and a retrogression toivarda 
a primitive type, as seen in the lower animals. 




A foot at rest is always more or less extended towards a 
line continuous with that of the leg ; it ia never at right 
angles with it, as in standing. The front part is inclined 
inwards towards the middle line of the body, and is slightly 
uplifted, with a corresponding depression of the outer mar- 
gin. The great toe is inclined upwards, away from the sole 
line, and outwards, towards the other toes ; lying in contact 
with the second. There is no bending ; it maintains the 
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straight line, as if oil the ground. The smaller toea are all 
tEmeel downwards, flexed, so that there is a marked differ- 
ence between tliem and the great toe. The frontispiece is 
1 taken from a photograph of a plaster cast used in Art Schools, 
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There is an important change which takes place in the 
great toe, in nioving from the position of rest to one of 
activity, which involves an alteration in the horizontal 
contour line. Let us suppose that it has become necessary, 
to have a specially firm foot-hold, that some one sitting 
quietly in a chair springs suddenly to his feet and pnta 
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himself into an attitude of defence. Immediately the great 
toe leaves its fellows, going over towards the middle line of 
the body, and leaving a space between it and the second 
toe. The same action which presses it against the ground 
causes this movement also, but there ia no bending, no 
flexion — it remains quite straight. On the other hand, the 
smaller toes, as they are iJressed against the ground, become 
more bent, more flexed, and a series of prominent uplifted 
joints are conspicuous across the foot. These conditions of 
the great toe and little toes respectively are, for them, the 
Position of Activity. Action of the toes must be understood 
to mean here action when the feet are used as feet, not when 
used for purposes of grasping objects. In the latter case, of 
course, the great toe must bend as the others do if it is to be 
of any use, and in fact it does so. How it is prevented from 
bending in the former case can only be seen when the 
muscles and their action on the bones have been explained. 
It is obvious that the horizontal contour line described by 
the margin of the foot must materially differ according to 
which of these two positions is the one existing. At rest 
the straight inside line attributed to the inner margin is 
hardly complete. In action the inner margin is even a 
slightly concave line as opposed to the convexity on the 
outer side. 




In fig. 20, pi. 7, it will be found that a straight line drawn 
on the inner margin of the foot will touch at the great toe 
and the heel only, and these figures, as slated in the expla- 
nation, are taken under conditions which do not admit of 
mistake. In action, too, the beuding of the smaller toes is 
proportionate to the vigour with which they are pressed 
against the ground, but, however vigorous the action of the 
great toe, it does not bend ; it is pressed against the ground 
in all its length. To me it has long seemed very remark- 
able that these points have not been recognised more fully 
by artists, and especially so as regards those artists who, in 



I classic times, had such abundant opportunity of studying 
I tlie human form when unconcealed by clothing, both in 
[ repose and in gymnastic displays," 



This, perhaps, ought not to be said without giving illus- 
trations. In the South Kensington Museum is a bronze 
cast of a statue of Eei-mes resting, seated. The original is 
in the Museo Nazionale at Naples. The toes of one foot, 
which rests on the heel, are raised from the ground, and 
manifestly the attitude is intended to be expressive of rest, 
as the Museum Catalogue, bj- Mr W. C. Perry, states it to be. 
The great toe in this fignre is widely separated from its 
fellows ; but a decided effort would be required to put it in 
that position ; to hold it there would be difficult indeed. 
The position is incompatible with rest. On the other hand 
take the Discobolus of Myron. An ancient copy in marble 
stands in the second Greco-Roman room at the British 
Museum, opposite the Townley Venus : there is a plaster 
cast at South Kensington. As to this statute, Mr Perry, in 
the Catalogue of the latter Museum, says, " The artist has 
chosen the moment of pause ami transition between two 
energetic actions, when the disc thrower baa collected all his 
force for this supreme decisive effort. Every limb, every 
muscle partakes in and contributes to the main action of the 
body." Mr Perry also, in his larger work, points out, as 
expressive of the condition, that the toes are "dug, as it 
were, into the ground." If such an attitude were true to 
nature as regards any of the toes, it would still be difBcult 
to understand why the artist so placed the great toe. That 
he could have so seen anything like it in bis model is difll- 
cult to believe. The advantage of a great toe is lost if it be 
drawn up, as in this figure. We shall see, in considering 



* " Tbe uniial of the ancient^ woa favourable to tlie satnral growth of 
the foot. As a role, therefore, this part is thoroughly understood lif the 
sntique sculptor, who aiJmired the feet." — Jlvdfiira't Manual of Sriilplvye. 
.SODS will be given for diesentiag from this statement. 




the bones which form, and the action of the muscles which 
move the preat toe, that it cannot, in a good foot, (such as an 
athlete ■would have, and as this figure has) rise up in the 
manner shown. It might do so if the foot were of bad type 
or debased, as in acquired deformity. 

Before going further it should be clearly understood that 
there is in the great toe an essential difference in the func- 
tion as well as in the structure from that common to all of 
the other four. The former serves as a firm solid base from 
which the body can be propelled onward, while the latter 
grip the ground, not by any action of grasping — there is 
nothing to grasp — but by pressure of the under surfaces of 
the tips against the ground. These, in this act, are drawn 
backwards. Thas, if there be anything to lay hold of, it is 
by them seized and drawn beneath the upraised toes between 
the tips and the solid foot. In no case is there anything at 
all like digging into the ground, as the finger-nails might 
do. The toe-nails, in a struggle to get foot-hokl, are never 
turned to the ground. 

The shape of the foot must, obviously, be varied according 
as the great toe is inclined upwards and outwards, in the 
Position of Rest, or downwards and inwards, towards the 
opposite foot, in the Position of Activity. The horizontal 
contour line or margin also varies, and with it the whole 
character of the foot, according as the first or second toe 
projects the further forward ; not, be it said, according as 
the first or second is the longer ; because the joint at the 
base or root of the second toe is always in advance of the 
■espondjng joint of the first and third toea. If the tip of 
the great toe be most in advance then the curve on the outer 
mai^in of the foot may be continnoua up to the inner margin, 
uniting with it by a right angle only very slightly rounded 
at the inner side of the tip of the great toe. If the tip of the 
second toe be most forward then the outer curve is interrupted 
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at that point. This curve may be a bold one, or the 
smaller toes may recede so rapidly that thu tipg form hardly 
a cnrve at all, but rather a straight line from the great toe 
outwards to thtj little toe. Fig. 20, pi. 7, gives a bolil curve 
roriniag into the one in the opposite foot, the great toe 
being longer than the second. 

A curious difference of opinion exists among observers 
■whether the first or second toe does most frequently project 
the further forward. There is certainly a variety in indi- 
viduals, and, probably, in different races one or other form 
may prevail. My own impression is that, in England, the 
great toe is generally the more prominent, and I am glad 
to think so. Professor Flower, in his excellent little book, 
■Fashion in Deformity, states that among hundreds of bare 
and, therefore, nndeformed feet of children which he exam- 
ined in Perthshire, he was not able to find one in which 
the second toe was the longest. 

Another difference of opinion exists as to how artists 
should in this respect represent the toes. It is usual to show 
the second as most prominent, and this course is justified 
as giving, on various grounds, a more artistic appearance ; 
whatever that may be taken to mean. 



Grecian Art is cited as an example in this respect, hut 
Mr. Harrison, who has discussed the question very fully 
before the British Association for the Advancement of 
Science, contends that Grecian Art does not supply this 
authority. He distinctly states that a long second toe, 
though commonly met with in the works of Italian painters 
and sculptors, seldom occurs in the feet of unrestored Greek 
statues. Unfortunately, he says, the casts in use in most 
of our Art schools are derived from Roman or Greco- Roman 
statues — for instance, the Farnese ApoUo. The Choiseul 
Apollo, in the Archaic Sculpture room of the British Museum, 
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IB not, aa Mr, Harrison points out, an instance of a longer 
second toe, althongh it has, on authority, been so stated. 
The marble is a little broken, but examination shows that 
the first and not the second toe is the longer. 

Whichever may be the direction in which the voice of 
authority among artists may on this question tend, it will 
surely be admitted that the artist should, as Mr. Murray 
puts it, in his Oreek Sculpture, reproduce, so far as the 
material in which he works will permit him to do so, the 
" essential character of the object " which he portrays. The 
great size and special function of the first toe is one of the 
features most characteristic of the human foot. More, 
perhaps, than anything else, the great toe gives it a distinc- 
tion from that of the lower animals. Is it possible that any 
artist would contend that the feature which more particu- 
larly gives the human character is not essential ? Certain 
it is that as the human character of the foot is eflraced, that 
which allies it to the foot of inferior animals must be accen- 
tuated. To deliberately and unnecessarily do this in the 
name of high art is not a course which would recommend 
itself to such judgment or to such taste as I possess. To 
me it seems that the artist who so " reproduces " a foot, 
going out of his way to efface the human and accentuate the 
animal character, cannot have that "perfect knowledge of 
the original " which Mr. Murray declares to be necessary. 

In order to attain this " perfect knowledge," even so far 
as it is possible to do so, the relation of the human to the 
typical mammalian foot must be considered. This is a 
point of view in which human feet must be presented to 
those who seek really to understand them and their structure. 
Their relation to corresponding parts in the lower animals 
may seem to be not a very dignified aspect in which to place 
them, but, in truth, their real dignity cannot be realised 
any more than their structure can be fully understood 
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unless thej- be viewed in comparison with the type or plan 
to which they conform and on which they are constructed. 
Elements exist in the foot of man as to which too super- 
ficial observers have been tempted to think that a. better 
result might have been obtained in another way, and others 
where the utility is not apparent at all. These parte are to 
be explained only by reference to the original type, or some 
other variation of it, as seen in animals of lower grade. 
On the other hand, in these latter may be found elements 
or features of no apparent utility to them, which, in man, are 
essential, and which, at they occur in animals geologically 
long antecedent, would even seem to suggest a fore-shael owing 
of a higher development in the future. Tlie more the 
human foot is studied the more will the absolute perfection 
of its mechanism be evident ; but the wonder and admira- 
tion which this will excite will be felt the more as it is 
realised that the structure strictly conforms to one general 
plan or type, commpn to a very large gronp of animals very 
widely differing from man and from each other. 



Throughout the Mammalian kingdom, of which man, 
albeit the head, is a member, the bones forming the solid 
basis or skeleton may be represented in plan or scheme as 
follows :-^First, a long bone, attached to the trunk, the 
humerus in the upper arm, and the femur in the thigh. To 
this are attached two others, lying parallel to each other, 
the radius and ulna in the forearm, the tibia and fibula in 
the leg. Finally, comes the third or terminal segment, 
Eepresented by the bones of the hand or foot, or, as the com- 
parative anatomist would insist on terming them, the manus 
and pes. This is from no pedantic preference for a Latin 
rather than an English word, but as a necessary means of 
avoiding confusion in discussing four-footed and, in the 
case of the Quadrumana, four-handed animals. For the 
same reason, the arm or fore-leg and the hinder-leg of any 
mammalian animal would be called, respectively, the ante- 
rior and posterior limb. 

d2 
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The terminal segment, be it liand or foot (maims or pes), 
is composed of two rows of short bones, more or less resem- 
bling cubes or cuboid in shape. These form the carpus, or 
as it is called in man, the wrist, in the one case, and the 
tarsus or body of the foot or instep, in the other. To them 
are attached a row of five long bones, with expanded ends, 
forming the metacarpus and meta-tarsus, respectively. 
Lastly, come five digits, a term applicable to fingers or toes. 
The separate bones which form these digits are also more or 
leas elongated in form, and are called phalanges from a 
fancied resemblance of the single bones to a phalanx of 
aoltliera. They are numbered so that the one corresponding 
to the thumb or great toe ranks as first because, in the 
typical position of the limb, as, for instance, in the seal, it 
has an anterior position, pre-axial as it is called ; the fifth 
digit being posterior or poat-axial. It must be remembered 
that the more primitive and more typical examples of 
animals included in the same type have been adapted for 
moving in water, which requires that the limb should have 
the expansion of its extremity in a line with the long axis 
of the body. For movement on land this is modified to a 
lateral expansion by altered direction of the long bones. 
The first digit, throughout the whole mammalian kingdom, 
differs from the others in that it consists of two divisions or 
segments only while, all the rest have three each. Why 
this should be is not clear ; it will be subject of comment 
hereafter being, for various reasons, a point of much 
interest in relation to the human foot. Each of the digits 
is not in every instance represented, far from it, but the 
first, when existent at all, has always this peculiarity. — A 
third bone is never found in the first digit, in the one repre- 
sented in man by the thumb and by the great toe. 



A glance at the skeleton {fig. 1, pi, 1.) shows that it would 
be inconvenient, as well as being ajiparently inappropriate, 
to regard the first metatarsal bone otherwise than as the fii-st 
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of a series of five, arranged in rank across the foot. There 
are however very good grounds for not regarding it as a 
metatarsal bone at all, but as one of three phalanges belong- 
ing to the first digit, and that the misaing bone is the first 
metatarsal. In the thumb such an arrangement is more 
manifestly appropriate. The ordinary rule for names will, 
however, be observed. 

Mammalian animals are classified, as regards their mode 
of progression, according to varied forms of the foot. Pinni- 
grade, if it be expanded like a fin or pinna, as in the seal, 
where it is adapted for moving in water. Plantigrade, 
where the whole foot lies flat on the ground, forming a sole 
or plania, as in the bear. Digitigrade, where the tarsal bones 
are raised so that the weight comes upon the digits or some 
of them, as in the dog. Unguicnlate, where the whole weight 
comes on one digit, and the nail op ungues is expanded 
into a hoof, as in the horse. Man is classed as plantigrade, 
bat in every step as he walks he becomes, alternately, digiti- 
grade ; in running he remains so. This feature in man is 
unique. 

The bony elements of the mammalian foot may be modi- 
fied into great varieties of form. The metacarpal or meta- 
tarsal bones in particular may be exaggerated aa regai-ds one 
or more, and aa regards the others attenuated until only 
rudimentary representatives remain, or thsse may be sup- 
pressed altogether. The relation to original type ia however 
always evident. 

No necessary purpose ^'onld be served by detailing 
instances of the many curious modifications which the 
mammalian foot undergoes to adapt it to the requirements 
of the great variety of animals ■which the mammalian king- 
dom includes. As however the horse will afford ua an 
illustration of the practical advantage which may arise from 



22 



a comparison between the foot of men and that of lower 
animals, a sketch may be given of that part of the horse's 
hind leg which corresponds to the foot of man. We call it 
a leg, the Comparative Anatomist would include the whole 
of it in the foot or pes. Here the hock represents the human 
heel, and some small bones immediately below it the tarsus. 
The leg is formed by the middle metatarsal bone with por- 
tions of the second and third in a rudimentary form on either 
Bide, the first and fifth being entirely suppressed. The 
fetlock is formed by the first and second phalanx of the 
middle toe, the exaggerated nail, in the form of a hoof, being 
supported by the third or final one. 



To the superficial observer it may seem that the difference 
in external covering constitutes an essential difference be- 
tween the foot of man and of the lower animals. In fact, 
however, the thickness and hardness Of the skin, the amount 
and the kind of hairy covering, are all variations of degree 
rather than of eaaeutial character. Even nails and hoofs 
are to the anatomist obvious varieties of the same material, 
modified to soit particular purposes. The modification which 
more than anything else constitutes the special characteristic 
of the human foot is the formation of a heel and the nnnsnal 
development of the great toe. Indeed it is not too much to 
say that, from the anatomical point of view, there is no 
more striking difference between man and the lower animals 
than is to be found in these two features. 



This was the view expressed in my monograph on the arch 
of the foot, in ignorance that my old master Sir William 
Lawrence had said the heel is "an infallible characteristic 
of man," and that it would probably be a safer rule to say 
that Dian is known by hia heel than it was to say that 
Hercules was known by his foot ;• not knowing either that 

' " Ex calcp. hi'mixcm would prolmbly lie a safer rule than Ei pcde /Ter- 



Professor Humphry had said that, in the animal kir 
"man literally stands on his great toe," 



In examination of the skeleton of the hnman foot it will 
be seen that all the elements of the typical skeleton of the 
mammalian foot, as set out in the scheme, are there present. 
One modification however is seen. — two of the tarsal bones 
are anited to form the heel ; so that we find seven bones 
only instead of eight, as found in the hand. The hone of 
the heel or oa calcis, aometimea called the calcaneum, eon- 
Biets of two taraal bones fused, as it were, into one. The 
form which all these bones assume in the hnman font and 
the manner in which they are bonnd together is shown in 
the plates 1 to 6 and in the explanations given. 



In respect of the ligaments collectively, one point of great 
importance should be noted. They share the inflnence of a 
law, universal in all the tissues of the body, that constant 
pressure or constant tension causes wasting, while intermit- 
tent pressure or intermittent tension promotes growth and 
strength, with, consequently, increased capacity for resist- 
ance. Thus if ligaments be constantly stretched, as, in 
prolonged and careless standing, happens to those which 
bind together the bones forming the arch of the foot, yield- 
ing and consequent deformity ensues. The words constant 
and intermittent are here used in their relative sense only. 
The rest which the night affords is not enough to counteract 
continuous strain during the day. When the stretching 
is absolutely constant changes take place with greai rapidity. 
On the other hand when stretching and relaxation follow 
each other in frequent succession of changes and in great 
vigour, then the full effect in promoting growth is seen. 
Not only do the ligaments become stronger but the attach- 
ments to the bones become more secure ; projections of bone 
are thrown out, making the surface rongh, and so giving a 
firmer hold. 
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It ulso fiillows from this law that liKamenta will not hold 
bones together, with the greatest firmness of which they 
are capable, without intermisaion. If they did they would 
cease to be firm. In fact, no ligament of the body is equally 
tense in every position of the parts which it binds together : 
if it were, it would cease to be tense at all. Applying 
thU to the arch of the foot, the ligaments must have a. re- 
laxed and tense condition, varying in accordance with 
change of position und, therefore, it will in one case be 
strong, in the other, weak, because yielding. 

This has an important bearing on the question — In what 
position the arch of the foot is best adapted to bear the 
wsight of the body when standing erect ? SafEicient to say 
now that the strong position of the arch is when the two great 
toes are Inclined towards each other. The relaxed or weak 
position is when the feet ore turned outwards. 

The ligaments have a most important relation to the 
ninscles and tendons, and the full extent of the provision 
against undue stretching of ligaments cannot be seen until 
the action of muscles has been considered. The remainder 
of the dilEerent tissues of which the foot is composed must, 
however, be first enumerated, and the movements between 
the different parts further noticed. 

The tendons of the different muscles are all closely en- 
cased in fibrous sheaths which hold them close to the bone. 
These sheaths are lined by a smooth membrane lubricated 
with synovia {and therefore called synovial membranes) 
similar to that found in joints. Blood vessels and nerves 
are not shewn in the plates, having no relation to the mech- 
anism of the foot : indeed, special plates would be neces- 
sary. All interstices are filled up by fat and fibrous tissue, 
very closely intermixed. 
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Hands of strong fibrous tissns pass downwards from the 
bonea, and upwards from the skin, binding all the parta 
together. These bands and portions of fat intervening form 
also a soft ciiBhion beneath the skin. A special expansion 
of this fibrous tissue is formed into a membrane or /i.tsckt. 
This, the plantar fascia, extends from the heel bone (orwarJa 
and sends a prolongation to each toe. It is very closely 
attached to the first layer of muscles, and is seen, cat through 
io front of the heel, in flg. 7, pi. 3, at a point where it is 
specially thick and strong. 

The fibrous bands which connect the skin to the planlar 
fascia and to the more solid framework of the foot, have the 
effect of limiting the movement of the skin upon the foot 
■when the foot is free, of the foot upon the skin when the 
skin is pressed on the ground. 

Very different is the skin of the back of the foot, which 
moves freely and is so loosely connected with the structure 
which it encloses that it might be stripped off : but, to 
remove the akin from the sole, it would have to be cut, bit 
by bit Like the palm of the band, the sole has no grease- 
forming or sebaceous glands ; like it too, the perspiration or 
sudiparous glands are numerous. On the back of the foot 
and of the toes, as in the case of the hand, some few hairs 
are found, which suggest a relationship to animals having 
Bbnndance of such covering in corresponding positions. 



A. contrast, too, is seen between the skin under the arch, 
where, in a good foot, it does not touch the ground, and on 
those parts taking pressure. It is seen, too, between the 
under surfaces of the tips of the toes and the parts between 
the tips and the body of the foot. Here the skin is thin 
and soft, admitting of very free bending downwards, es- 
pecially of the smaller toes. 
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Tliis bending of the toes downwards is known as flexion, 
by it the toes are flexed. When straightened, the move- 
ment is known as extension, the toes are extended. If, 
however, this latter movement be continaed, the foot is bent 
or flexed on the ankle, as it ia drawn towards the extreme 
flexion shown in fig'. 24, p. 10. By movement in the oppo- 
site direction the foot would be extended on the leg as it 
moved towards extreme extension. So that extension of the 
toes, continued, goes on to flexion of the foot, and vice 
versA. 

This movement of the foot on the leg, or, when tlie foot is 
on the ground, of the leg on the foot, is a hiuge movement 
ouly. The upper part of the astragalus passes between two 
flanges, formed by extension of the tibia downwards on the 
inner side and, on the onter side, by an expansion of the 
fibula continaed bodily downwards. These two projections, 
which are well shown in fig. Iti, pi. 5, are known as the 
malleoli, from the fancied resemblance to little hammers, 
and, respectively, as the inner and outer malleolus. 

A detailed description of the ankle joint would here be 
out of place, and is unnecessary. A curious provision against 
dislocation must, however, be noticed. It is obvious that 
when the foot ia fully extended, in going down hill, the leg 
must have a disposition to ride over the rounded top of the 
astragalus and slip forwards. To assist the ligaments in 
preventing this the flange of the tibia is continued partly 
round behind towards the fibnla. No sach arrangement 
exists in front, where it is not only unnecessarj' but it would 
be an obstruction, because it ■would prevent the head of the 
astragalus from coming up in front against the end of the 
tibia, and so it would be the means of limiting flexion. It 
is unnecessary, because when the foot is flexed, as in going 
up hill, and so a disposition to dislocate the leg backwards 
ensues, the tendons going down behind either malleolus 



(fig. 8, pi. 3, and fig. 15, pi. 5,) are so tightened that aach 
displacement is well-nigh impossible. 

The npper part of the astragalos, fitting in between the 
malleoH, is wider in front than behind, so that when the 
foot is fully flexed the two bones are driven apart, and the 
ligament holding them together is stretched. The reason for 
this has been miich discussed. My own view is that it is so 
simply becanse if it were otherwise the ligament would 
always be in the same degree of tension, which would 
speedily impair its efficiency. We have seen that in the 
Position of Hest the foot tends towards extension, the posi- 
tion in which the ligament in question is moat relaxed. If 
it were always strained it would lose capacity for resistance. 

The opening between these two flanges is not directed 
exactly forwards. With the body standing erect and the 
two feet together each opening is directed slightly outwards. 
Moreover the articular surface on the outer border of the 
aatraguluB is more extended than on the inner side, bo that 
the joint in moving describes a curve. The effect is that as 
the feet are fully extended they incline towards each other ; 
as they are flexed they tend to separate. The curve is not 
exactly a segment of a circle ; the sweep of the foot inwards 
is more marked as it approaches extreme extension. 

The same configuration of the ankle joint which causes 
the front part of the foot, when free, to incline inwards as it 
extends towards a straight line, necessarily causes the ankles 
to incline outwards when the foot is fixed on the ground. 
Thus if we stand with the feet flat on the ground, the inner 
margins together, and then spring to tiptoe, we shall find 
that the two ankles separate from each other. On the other 
hand if we sit with the heels resting on the ground, the feet 
a little distance apart, and extend the foot fully, the great 
toes come towards each other. If we fully flex the feet the 
toes will diverge. 
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Very closely asfiociaterl with movemeut in the ankle 
joint under almost any circumstances is the movement 
taking place in the body of the foot. This may, for all 
practical purposes, he considered as in two places only. — 

(1.) When the foot ia moved from side to side, when, that is 
to say, it rotates on a horizontal plane, the principal 
movement occurs between the astragalus above and the 
OB calcis below. The joints, as seen in the dry bone, are 
shown in fig. 11, pi. 4, where the former bone is lifted 
up so as to reveal the irregular bed in which it lies. 

(2.) When the inner margin is uplifted and the outer de- 
pressed (or the reverse), when, that is to say, the foot ia 
rotated on a longitudinal axis, the principal movement 
is at the joints laid open in the division shown in fig. 
9, pi. 3, 

These two movements are not simple, they are associated 
with each other and both with movement at the ankle. 
When the foot is held at the same angle with the leg no 
motion takes place in the ankle joint in horizontal or in 
longitudinal rotation of the foot, but, when the foot is free, 
these movements, if carried far, are almost inseparably asso- 
ciated with movement there. 

With extension of the foot the toes incline inwards, and 
the inner margin is uplifted ; with flexion of the foot the 
toes incline outwards, and tlie outer margin is slightly 
uplifted. 

When the foot, with the sole flat on the ground, is everted 
(the toes turned out) the scaphoid bone is rotated down- 
wards, and the ligament uniting it to the os calcis is relaxed. 
This (the calcaneo scaphoid ligament) is the support of the 
head of the astragalus, which, therefore, is the less supported. 
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anil has, in this position, the greater tendency to sink. If, 
however, the foot he inverted (the toes tnrned inwards) the 
scaphoid bone is rotated upwards, and the Jigament in ques- 
tion tightened. This gives the head of the astragalus a firmer 
sopport. Thus, for the arch of the foot, the latter ia the 
strong and the former the weak position. This is an impor- 
tant point in the question — How Hhould we stand ? 

Operation of the agency by which movements of the foot 
are effected does not, paradox though it seem, necessarily 
involve motion at all. The principal function of the toes is 
to give good foot-bold by active pressure against the ground, 
BO Bs to supplement the passive pressure of the body's 
weight. This is effected by the same means as tJiat which, 
when the toes are free to move, moves them. 

Here let it be said that the toes play a far more impor- 
tant part in the ordinary fanctions of the foot than is 
generally admitted. One sees statements, {where better 
things mifjfht be expecfed) to the effect that their services 
could he dispensed with. Even in walking, as usually 
done, they are used much more than is generally supposed. 
If they were not used the muscles moving them would be 
found to be wasted. They should, however, be used much 
more than is, in the conventional style of walking, possible. 



But, before considering more fully the movements of the 
foot, it will be important to realise folly what the agency is 
by which they are effected. That movements are made by 
mnsclos may be supposed to be sufficiently known, and yet 
indications are not wanting that writers on the mechanism 
of the foot— I am not, of course, speaking of surgeons— do 
not clearly understand what they mean by muscles. Terms 
jire used with regard to them : such for instance, as " finely 
articulated," as to which it would be difficult to guess .what 
the writer had in view. 
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MuBcles are masses, varying in size and shape, of that 
snbstanee known as maacle. or, with reference to the flesh 
of animals, as lean meat. They are the agents by which 
the different movements of the body are effected, the struc- 
ture being composed of fibres which are endued with 
the property of contraction. It is by this contraction that 
the ends attached to different parts are drawn towards each 
other, movements of those parts resulting. The attachment 
of the end of a muscle, usually to a bone, may be direct, by 
its own proper tissue ; or it may be connected indirectly, 
with a more or less distant part by means of a cord of 
fibrous tissue, in popular language, a leader, or, in anato- 
mical language, a tendon. This has no contractile property, 
it is simply a connecting cord. The fleshy, that is, the 
muscnlar, attachment is commonly spoken of as the origin, 
the attachment of the tendon (when it exists) being called 
the hisertion. In the absence of the tendon, the latter term 
is applied to that end of the muscle which is supposed to 
move most frequently or most freely, while the origin 
remains stationar}'. The distinction is, as I regard it, very 
unfortunate, because it tends to encourage the idea that the 
muscle always or principally acts f-^om the origin as t 
fixed point, on the Insertion as a movable one. 

The marked differenpe in result as one or the other end 
of the muscle is the fixed or the movable point will be 
shown hereafter as being highly important. An instance 
may, however, be given now. Powerful, and therefore 
large, muscles are attached to the leg and to the toes ; the 
effect of action of these muscles as they move the toes when 
the leg is fixed, or as they move the leg, and with it the 
body, when the toes are fixed on the ground, is altogethei 
different. Tet, the action, the act of contraction, which 
takes place in the muscles, is exactly the same in either 
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Here the fleshy massea of muscular tissue are placed in 
the leg for the obvious reason that the necessary bulk, a 
matter of no consequence there, ■would cause serious incon- 
venience if pJaced in the foot. The tendons, which take up 
hut little room, pass along either surface of the foot, and 
cause no inconvenience whatever. The question, which 
portion of the length of comhined muscle and tendon shall 
be nmacular, and which tendinous, is entirely one of con- 
venience. Just as a cord, ela.stie at one end, and rigid at 
the other, exercises the same degree of traction on each of 
its attachments, so the two insertions of a comhined muscle 
and tendon are drawn towards each other in just the same 
degree at whichever end the muscle or motor power be 
placed. My preference is to call hoth ends insertions or 
attachments, muscular or tendinous, as the ease may be, and 
to drop the term origin altogether. 



Muscles of the leg, acting on the foes illustrate another 
principle. Tboee behind turn a corner beneath the ankle, 
and so divert the line of traction. The tendons run in 
smooth grooves in the ends of the leg hones, and in the 
OS calcis and cuboid bone below, as cords run round pulleys. 
It is the position of the pulley which determines the effect 
of traction on the cord, bo it is the position of these groovea, 
as fixed points, that determines the effect of action of these 
muscles. The position of the moving force is in either case 
immaterial. On the upper side of the foot a similar result 
is effected by strong bands (a, fig. 8, pi. 3) which bind the 
tendons against the ankle. 

For effective action of muscles it is necessary that they 
shall be free from pressure, and especially from such 
pressure as any hard substance would occasion. The bony 
arch of the foot is a necessary provision against this. 



Where variety and precision of movement rather than 
strmgth is desired then the muscles are small and numerous. 



32 



and generally act either directly or with the interposition 
of short tendons only. This is exemplified in the number 
oi email muscles which lie in the sole, that is to say under, 
and under the protection of the arch of the foot. If the 
muscleB acting on the foot were all situated in the leg, and 
connected with the toes by tendons, {even supposing they 
could then fulfil their functions) it would involve a manifest 
increase of complexity. 

Few movements of the body are effected by a single 
mnscle, none certainly in the foot. They are the joint effect 
or resultant of two op more. It is obvious that for move- 
ments in opposite directions muscles or groups of muscles 
are required, which, if they act at the same time, will be 
antagonistic to each other. The purpose which would be 
served by the action of one only would be, in that case, 
more or less completely defeated. It may be, however, that 
a third purpose would be served by the joint action of both. 
In riding a horae the effect of pulling the left hand rein 
would be neutralized, as far as direction is concerned, by 
pulling the rein on the opposite side with equal force. Bnt 
this would not be all ; the horse woald be pnlled in or 
restrained as the result of pulling both. So also the effect 
resulting from the action of any particular muscle must be 
considered both as to what it would he if acting alone and 
what it would be if acting jointly with others. These points 
are insisted on because, as it has seemed to me, they are not 
sufficiently recognized in books on Anatomy, and especially 
BO in descriptions of the mechanism of the foot. 



An important law relating to muscle must be noticed. 
Action promotes growth and strength. Total inactivity leads 
to rapid wasting. "When, however, mnscleB have been fully 
developed in youth, a very slight amount of exercise will 
suffice to keep them fairly strong. 
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Still more important, in tlie case of the foot, is another 
law. Mnsclea developed by action remain, when not in 
action, passively contracted, not strained, bnt, as sailors say, 
taat. Now the effect of this is to keep the bonee on which 
they act firmly pressed against each other in the joints on 
which they move. Here comes in the operation of the other 
law that constant pressnre caaaes wasting. If, however, the 
always-tant ranscle maintain even pressnre, it will keep the 
articular surfaces of the joint adapted to the movements 
which action of the muscle occasions. Let this fail and the 
joints will sink into whatever position the weight of the 
body may determine, and the articular surfaces will assume 
whatever form the pressure so caused may determine. All 
this, of course, applies in a much greater degree to the young 
and growing body than to that of the adult. It applies to 
the latter, however, much more than might be supposed. 



The leading principles which underlie physical education 
depend on these laws. It is, therefore, as it seems to me, of 
the highest importance that they should be understood, and 
the more because the salutary eifect of suitable exercise has 
its counterpart in the production of deformity when wrongly 
applied. The prevention of deformity, caused by want of 
exercise on the one hand and by injurious labour on the 
other, offers a large field for physical education. The im- 
portance of muscular action in relation to the foot from this 
point of view will be seen presently. 



The names and the po.sitiona of the different muscles acting 
in and on the foot are shown on the plates and set forth in 
the explanations. The special feature to be noted is that 
they form two well marked divisions, those of the foot and 
those of the leg acting on the foot. The bony heel pushes 
through the line, completely dividing even the fibrous 
expansion or fascia which covers the sole from the muscle, 
which is supposed to tighten it. The plantaris muscle, in 
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shape like one of the lumbricahs seen in fig. 10, pi. 4, and 
in size little more, aends down from behind the knee a little 
ribbon-like tendon all down the leg to the heel, where it 
merges in the large tendon (No. %, in fig. 8, pi. 3). The cor- 
responding mnscle in monkeys tightens the fascia of the 
hinder-hand, a function which a corresponding muscle in 
the arm does for the human hand. Here, in the heel, it 
serves only as a connecting link to keep up evidence of 
uniformity of type. 
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One of the most interesting and important movements 
which the muscles acting on the foot are designed to effect 
is to raise it to the tip-toe position, or, in other words, to 
change it from the plantigrade to the digitigrade form. The 
whole of the weight then falls on the anterior pillar of tiie 
arch alone. How this is done, not only without damage but 
rather with increased strength to that structure, mnat be 
fully comprehended if the mechanism of the foot is to be 
understood. 
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The action is sometimes described as that of a lever of the 
first order, where the power of the muscles of the calf acts 
on the heel, and, through the Eulcrnm formed by the leg, on 
the weight supplied by the resistance of the ground against 
the toes. Another and a better way of putting it is that the 
lever is of the second order, the weight being that of the 
body, while the fulcrum is supplied by the toes. This is 
shown in fig. G, pi. 2. In either view there is an essential 
difference from ordinary levers : the power ia attached to 
the leg, i.e., to the fulcrum or to the weight, according as the 
action is regarded as that of a lever of the first or of the 
second order. 



Both views are, however, liable to mislead. It is usual to 

give the combined muscle acting on the heel as the power by 
which the body is raised to tip-toe as if it were the only 
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power. One who writea with the highest authority says, in 
a book intended for general readers, "The muscle which acts 
upon the heel is one of the largest and most powerful in the 
body, and well it may be, for in raising the heel it has to 
raise the whole weight of the body." This is misleading 
and inaccurate. If the foot be taken when at rest, no tendons 
can be felt behind the ankles ; when the body rises to tip- 
toe they start out on either side. The most prominent on 
the inner side is the Jlexor longus pollicia, on the outer the 
peroneits Uingua. Those tendons which are deeper are also 
tightened; the flexor longus digilorum and the tibialis pos- 
Hcus on the one side, and the peroiieus brevls on the other. 
Now all these muscles are strong — their combined strength 
is enormous — and although they do not act at the same 
advantage as the calf muscle, which acts on the projecting or 
lever-like heel, they do exercise a very great influence in 
bringing the leg and foot towards a continnous straight line, 
which is the essence of the tip-toe movement. Take the 
first-named only ; the flexor longiis pollicis is so strong 
that it may be trained to bear the weight of the body itself, 
as in the stage dancer, who will support himself, or more 
generally Jier&fAt, literally on the great toe. Though inca- 
pable in most persons of anything like such a feat as this, 
the muscle in question is, iu all good feet, very strong. 



Of my long-entertained view that the influence of the calf 
muscle in walking has been over-rated, and that of the other 
mnacles uuder-rated, I have recently had a striking illustra- 
tion. A young gentleman, able to lake his share in rough 
games at a public school, and to do a long day's shooting 
with his father, an excellent walker, has, on one side, no 
calf muscle at all. It hud been paralyzed in infancy, and 
neither it nor the tendo Achillis has developed ; the latter 
1b, in fact, a mere attenuated ligament, contrasting strongly 
with the specially developed tendon on the other side. Here 
an extra development of the remaining muscles of the same 
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side and of thase of the opposite foot and leg have almost 
completely compensated for the deficiency, so that the subject 
and his friends are hardls^ conscious of any defect. Had the 
deficiency existed in both legs it would have been serious 
indeed. 




The mechanism of rising to tip-toe conBists in an elevation 
of the lieel by the great calf muscle acting upon it, (fig. 8, 
pi. 3,) assisted by the concurrent action of the groups of 
muscles whose tendons pass down behind either ankle. 
These latter, Vfhich move the foot or the toes, when those 
parts are free to move, move the body on the foot when the 
foot is fixed. To say that the body is raised by the calf 
mnscle acting on the heel, (a statement often made,) is an 
incomplete and misleading description. The same action 
continued and effected with suEBcifnt vigour propels the 
body forwards, whether for purpose of walking, running, 
hopping or jumping. 
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But so that the heel be raised doea it very much matter 
how it is done ? The answer to this will appear from the 
following considerations :^Fig. 27 shows the tendons of one 
muscle only crossing the sole from end to end, ail else being, 
for the sake of clearness, removed. This, the tendon of the 
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flexor Jongus pollicis, has, to the arch of the foot which it 
subtends, the relation of a chord to an arc, of a bow-string 
to a bow. Now this arch, or arc, or bow, is made of ilexible 
material. The bones are bound together by ligaments, as 
shown in fig. 5, pi. 2 ; still they are not so firmly bound 
together but that the bracings which they form admit of a 
conaiderable extent of yielding. If, then, the arch be yield- 
ing, and the muscle acting on this tendon be strong, both of 
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which facts are indisputable, the action of the muscle must 
brace np the arch as certainly as tightening a bow-string 
increases the convexity of the bow in diminishing the dis- 
tance between the ends of it Some shortening of the sole 
ought, therefore, to take place in the act of rising to tip-toe. 

Let a piece of tape be laid on the floor and trodden on in 
a line with the sole of the naked foot, the end at the heel 
being carried ronnd and held at a point on the skin in the 
middle line behind the ankle. Now stand on tip-toe, bearing 
the whole weight of the body on the foot. It will be seen 
that the tape (assuming the foot to be in healthy working 
order) will be visibly slackened ; which, as it seems to me, 
proves beyond all donbt that the anticipated shortening does 
take place. This, however, is not generally accepted as a 
fact. The bow-string action of the tendons of the leg muscles 
and consequent shortening of the sole in rising to tip-toe had 
never, so far as diligent search can discover, been recognised 
at all until pointed out by myself in a communication to a 
local medical association, in 1874, expanded into a pamphlet 
in 1877. Figs. 27 and 28 are intended to show the changes in 
the condition of the arch shown in fig. 25 to that in fig. 26 as 
a result of the mnscnlar action attendant on raising the heel. 
Of the figures, 28 is to 27 as 2G is to 25. The long flexor of 
the great toe (1) braces up the arch at the same time that the 
tibialis posticus (2) turns up the inner margin of the foot, 
and the calf muscle (3) lifts up the heel. 

It will be seen that the effect of tightening, of shortening 
the tendon of the long flexor muscle is to diminish the dis- 
tance between the great toe and the point where the tendon 
passes round the bone of the heel below the ankle. The 
result of this is to brace up the arch and increase its con- 
vexity. But, it should also be understood, the effect of 
tightening this tendon or cord is to draw it towards a straight 
line between the point of attachment to the great toe and 
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the point where it passes below the heel. By this agency 
the joint at the root of the great toe is uplifted, and if the 
tightness be snfftcient to bear the weight of the body, the 
anterior pillar of the arch literally dances on the tight rope. 
If, however, the weight of the body, as indicated by the 
arrow In fig. 28, be sufficient to bear it down, the anterior 
pillar is, at least, let down lightly. Thus the same agency 
that assists in raising the body braces up the arch of the foot, 
and, in lifting the joint at the root of the great toe, relieves 
it from the pressure against the ground which the weight of 
the body suddenly thrown upon it would occasion. 

The tip-toe position which is attained by vigorous action 
will be seen to pretty closely accord with that shown in the 
frontispiece as the position of complete rest. The apparent 
contradiction is apparent only. The beauty of the arrange- 
ment is — it is one of the many pretty things in the domain 
of physiology — that the tip-toe position, where the muscles 
have been thrown into vigorous action, is one in which they 
do the work of sustaining the trch, in their action as bow^- 
stringB or as tie-rods. Thns the ligaments which bear the 
strain when the foot is flat on the ground are completely 
relieved. For this complete relaxation of the ligaments it is 
necessary that the foot be as nearly as possible in the position 
of complete rest. So far as there is any strain at all on 
ligaments it is on those which bind together the bones on 
the upper surface. The two agencies for supporting the arch 
do not do the same duty at the same time ; one or other is in 
repose. 



It is not suggested that figs. 27 and 28 are anything 
more than diagrams. It would be impossible to effect so 
much change without very much displacing the bonea on 
each other. For a flat foot to become arched involves 
changes in the bones which can only be effected in time. 
That some such change as that indicated (p. 11) does really 



take place ia shown by the experiment with tlie tape, and by 
the photographs reproduced in Sg^. 25 and 2&, ps. 13 and 13. 
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As compared with the long flexor muscle, which la 
common to all the smaller toes, that acting on the great toe 
alone plays, in supporting the arch, the much more impor- 
tant part. In animals, as in man, the flexor muscle ia 
generally divided into two. — The horse has, in his divided 
flexor muscle acting on a single tendon, a relic of remote 
ancestors having two toes and two flexors^ — But, where all 
the digits exist, the division of duty is, however varied in 
arrangement, more evenly distributed than in the case of 
man, where one division forms the flexor longus pollicis, 
acting on a single toe. This is a special characteristic. 
This ia one more evidence of the special importance of the 
great toe in the human foot. 



The long flexor of the smaller toes acting on the outer and 
less marked portion of the arch has less influence upon it 
than the other muscle. It serves, however, an important 
purpose : the tendon which divides to gd to each of them 
comes into the sole on a higher level, farther from the 
extremity of the arch, but in passing outwards to the smaller 
toes, it does not pass above the other tendon, as with greater 
apparent convenience it might do ; it paBsea underneath, 
dipping downward and picking up, so to speak, the lower 
one. The course of the muscles is shown in fig. 8, pi. 3, 
and in figa. 10, 11, and 12, pi. 4. Otherwise, however much 
tension of the long flexors increased the height of the arch 
it would do nothing to increase the hollow beneath. In 
fig. 28 the space beneath the tight tendon, between it and a 
line drawn from heel to toe is no greater than it is beneath 
the relaxed one in fig, 27. — In these figures, for the sake of 
clearness, only one tendon ia shown. — Thus it is that the 
action of the long flexor tendons on the arch of the foot may 
with greater propriety be compared to a tie-rod than to a 



bow-Btring. The chord of the arc becomes itself an arc as it 
is drawn upwards by the tendon croaaing it. Thia arrange- 
ment of the tendons in the sole is shown in flg. 13, pi. 4. 

Special prominence has been given to the flexor lonffus 
poinds muscle in bracing up the arch, because its bow-string 
or tie-rod inflnence [figs. 27 and 2S) is most manifest as 
well as of first importance. The tihialis posticus which 
has been mentioned serves a very useful purpose : it draws 
the scaphoid bone towards the bony prominence on the 
OS calcis (sustentaculum tali) round which the tendon runs, 
and so throws up the head of the astragalus, which reata on 
the ligament between those bones. Then, the peroneiia 
lonffus which draws the inner margin of the front part of 
the arch and the outer anlcle towards each other, has a moat 
potent infiuence in bracing up and increasing the concavity. 

An important question here arises. We have seen that 
the muscles concerned in holding down the toes, especially 
the great toe, are the agents for giving good foot-hold, and 
that these muscles are also concerned in raising the body 
to tip-toe, and in propelling it onwards in walking. In 
what position of the foot do they most effectively act ? 

It is easy to test this question practically by means of 
pieces of tape or slips of paper placed one under the middle 
joint of each great toe. Stand with the bare feet, first in 
the military position, the inner margins inclined from each 
other at an angle of 45 degrees. Judge now of the degree 
of firmness with which the tapes are held in opposition to 
an attempt by another person to draw them away. Now do 
the same thing with the feet slightly inclined towards each 
other, and note the difference. 



It will probably be found that the tape or paper will be 
held down most firmly in the latter position. The explanation 
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seems to be this : Turning the feet ontwards, with the 
soles flat on the groand, has the effect of relaxing the 
tendon of the peroneiis longiis muscle, which crosses the 
sole from the outer antle to be inserted into the base of the 
first raeta-tarsal bone (fig. 14, pi. 5). This muscle is a most 
important agent in holding down the front part of the inner 
margin of the foot, and with it the great toe. But all 
muscles act best when the tendons are alreadj- taut, when 
there is no loose line to gather up before commencing to 
pnll. This condition is present when the toes are inclined 
inwards, and thus good foothold is best maintained, and 
springing to tip-toe mowt readily and effectively done when 
the toes are so directed. 

The law relating to the effect of constant pressure and 
of constant tension on the tissues of the body has been 
stated on page 23, as also the one that muscles developed 
by use remain taut and firm ^phen not in use, (p. 33). 
They thus exert constant pressure on the joint surfaces, 
constant tension on any ligament stretched, and tend 
so to modify them that permanent modification of form 
is the result. As already stated, the whole principle of 
physical education hangs, to a very large extent, on these 
laws. If ^e apply them to the arch of the foot it ia appa- 
rent that such exercise as involves springing on tip-toe must 
influence the contour of the arch, and that, in the process of 
physical training, movements which involve it should play 
a lat^e part, if only as a means of connteractin.? the 
influence, in a direction directly opposite, of prolonged 
standing.* 

The arch of the foot is, in fact, formed by exercise; in 
infancy it hardly exists. As j-outh advances, it becomes, or 



* Mentioning this view to Sir James Paget oa one occasion, he replied 
that many yenra before he had known el ddncing.mftster at Windsor who 
always told liig pupils to stand an tip-toe whenever possible, a^nring 
ttiem that it thef did so they wonld never be flat-f oot«d. 
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onght to become, more and more marked. To what degree 
full development may take it, depends partly on inheritance, 
Btill more on the freedom with which the foot is habitually 
naed, and the avoidance of prolonged standing, or of standing 
in a bad position. It is a question of physical edncation, 
designed or nnconsciously eflEected, or, on the other hand, 
of neglect and misase. 



Bnt if it be tme that the arch ia formed by ( 
question naturally arises, why is it not over-formed, and the 
arch made excessive by too constant or too powerful 
straining of the tie-rods, of which the flexor lotufua polUcia 
moscle ia the type ? 



An excessive form of arch may exist as a deformity, but 
it is dne to a morbid contraction of the fibrous plantar fuscia 
not to healthy mascular action, which, as it seems to me, 
conld not canse it. This is partly explained by the inflnence 
of the tibialis posticus muscle. Compare its attachment as 
seen in fig, l4r, pi. 5, and the bony construction of the arch 
(%. 11, pi. 4) with the diagrams 27, 28, ps. 3G and 37. It will 
be seen that the tendon passes under the sustentaculum tali, 
and stretches across the apace unoccupied by bone on which 
the head of the astragalus falls, as seen in pi. 1, fig. 2. Thns 
it is clear that action of this muscle relieves from strain 
the ligament crossing the space. Now, the astragalus cannot 
be driven upwards too much, as shown in the sketch, fig. 
28, where the bones were simply set in clay for the purposes 
of the drawing. The weight of the body will in any case 
keep it down to its proper level. But let us suppose that 
the scaphoid bone has been thrown np too high, above the 
level of the suatentactilum tali, then the muscle in question, 
whose line of traction is alwaj-s determined by that bony 
point, draws the scaphoid bone downwards, and corrects 
any excessive convexity so far as that bone is concerned. 
Any undue springing upwards at the base of the first 
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metatarsal bone is prevented by tbe jwroneus lonfftis mnscle, 
■wbicb tends to bring that point and the outer ankle towards 
each other by means of the tendon passing obliquely acrosa 
the sole, fig, 14, pi. 5. Although this is one of the agencies 
for bracing up the arch, it also keeps the inner side of the 
foot down, and prevents undue uprising. Dr. Dnchenne 
(of Boulogne) has spoken of the peronnis loiigus as the 
agent which forms the arch (le formateitr). This is too 
much to say : it assists in forming and assists in. limiting 
the formation. The same may be said of the tibialis 
posticus. 

Thus, the rising to tip-toe, which is the principal move- 
ment of the foot, develops the principal feature it has ; 
while provision exists against over- development. 

The influence of exercise in developing the calf muscle 
acting on the heel is well known. So long as a weak calf 
muscle exists, a long lever, in the form of the heel, is sup- 
posed to be necessary ; and this arrangement, so long as only 
slow movement is required, suffices. If, however, quick, 
vigorous movement of the heel is necessary, then a shorter 
lever and a stronger power is required. It has, therefore, 
been commonly supposed that as races have developed larger 
calves they have acquired also shorter heels. Professor 
Flower has investigated this subject, and he flnds that the 
heels of the higher races are not shorter than those of 
savages. I have no doubt of this — Professor Flower is not 
likely to be wrong— but I also have no doubt that the heel 
of the highly developed foot is practically, though not 
actually, shorter. There is less projection backwards 
because more projection downwards. As the foot changes 
from the position shown in flg. 25 to that in fig. 26 (p. 13), 
and explained by figs. 27 and 28, (ps. 36 and 37), the heel 
does not shorten, bnt it does project more downwards, less 
backwards. And bo it is as one watches, from month to 
month, a flat foot become permanently more arched. 
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Under the influence of vigorous and rapidly executed 
movements, the muscles of the calf and lower part of the 
leg are modified in form, as well as increased in size. The 
fleshy (muscular) fibres of the deeper muscles (fig. 8, pi. 3) 
are extended very much lower than those of the calf 
muscles, where the tendon extends high up into the leg. 
Thus an enlargement takes place just above the ankle, 
gently increasing to the calf. This is seen in the dancer ; 
but in the labourer, accustomed only to lift heavy weights, 
but not to rapid movements, these deeper muscles, although 
partaking of the development, share it in a less degree. In 
such cases one sees an enormous calf abruptly projecting 
from the leg, not gracefully narrowing down to the ankle, as 
in the dancer. 



Thna, development depends not only on the amount but 
on the manner of the exercise. Excellence of form depends 
on exercise of function, and on the manner in which 
fanction is fulfilled. This is true of the foot as regards 
strength as well as beauty, and if it be admitted, then will 
be recognised the importance of properly performing the 
most ordinary functions. Foremost among these are standing 
and walking ; but, as we are discussing movements, the 
latter will be taken first. 



The act of walking is, essentially, a series of alternate 
risings to tip-toe of either foot, so as to take the weight of 
the body alternately on each, and in that position propel the 
body onwards in the direction of the other foot (brought 
forward ready to go through the same movement), towards 
which the body is also drawn. Where properly performed 
it may be briefly described as follows : — 



Let us take it at a time when the right foot has been 
put forward and has reached the ground. The body 
will have been propelled onwards from the left by the 
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agency of the musclea which raise the heel, and those which 
bear down the front part of the foot and the toes. Now, the 
group of extensor muscles on the front of the leg, acting 
from their attachments to the back of the foot and to the 
toes, aa fixed points, draw the leg, with the body, forwards. 
Thus, principally by propulsion, but partly by traction, the 
body ia brought over the spot where the right foot is placed 
ready to bear it. The muscles acting aa tractors are the 
tibialis anticus, peroneii^ tertiiis, extensor longus pollicis, 
and extensor l-ongiis digiloritm. Wliile they are so acting, 
the fiexors are holding the toes to the ground, ready to be, 
in turn, a basis from which to spring upwards and onwarda. 
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At the time when the weight of the body is for the 
moment borne on the right foot, the left has risen from the 
ground, and is swinging forward. In this position the left 
foot is ready to be again placed on the ground, for the 
purpose of receiving, in turn, the weight of the body passing 
over it. The toes should be directed forwards, the line 
of the inner margin of the foot slig'htly inwards. The foot 
should be in extension, the toes pointed downwards, so that 
they, and not the heel, should first touch the ground. Theae 
two points are in opposition to the generally accepted view, 
and to the teaching of authority ; but, tliey are, to my mind, 
so important— the whole question of what constitutes good 
walking turns on their acceptance or rejection — that each 
will be separately discussed hereafter. 

By the time that the weight has fallen on the tread of the 
right foot, the heel has sunk to the ground, and is imme- 
diately lifted, raising the foot into the tip-toe position. The 
effect of this movement in bracing up the arch has been 
already pointed out (p. 38). Now, as the weight comes to be 
fully borne on the anterior pillar, a bending or hinge move- 
ment takes place. How tension of the fiexor tendons 
acting on the great toe limits this bending, and relieves the 
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pressure wliieh would otherwise be thrown on the anterior 
pillar, has also been explained (p. 39.) Such bending aa 
takes place at this stage is at the joints formed by the bend 
at the heads of the three inner metatarsal bones. On refer- 
ence to the skeleton, it will be seen that these three ends 
are not in line (E.F., fig. 1, pi. 1): it is not desirable that 
they should he. If they were so, the bending would be on 
too narrow a line, the comparison to a hinge would be too 
exact. The arrangement of the heail of the mid'lle meta- 
tarsal bone of the three in advance, and that of the two outer, 
opposite each other, increases the base on which the weight 
of the body is, for the moment borne, and from which it is 
propelled onwards. But as the foot is bronglit to extreme 
tip-toe, after the weight of the body has passed over it, the 
tendency of the ankle is to go more and more outwards. 
For this, an oblique hinge is necessary, and it is supplied 
at the heaila of the three outer metatarsal bones. These are 
nearly in line C D, and so do form a narrow, though not 
an absolutely straight, hiuge. It will he recognised tiiat a 
broad base is not now necessary, the weight nf the body 
having passed over. The propulsion onward in the last 
part of the act being done mainly from the great toe, little 
weight is thrown on the line of the outer hinge. 



Thus, for weight bearing, we have a broad hinge, on the 
line EF, and the limiting influence on the bending of it 
supplied by the flexor tendons. When a free but simple 
bending only is required, we have the narrow oblique hinge, 
C D. This, in my view, is the explanation of the irregular 
line across the foot described by the heads of the meta- 
tarsal bonee. 



But this is not all. When the foot is fully raised to tip- 
toe, and the body tbruat onward, the joint at the root of the 
great toe is nplifted, dancing on a tight-rope, as shown in 
fig. S8. It has cear^ed to act as a hinge to the foot, the tinal 
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joint of the great toe must take part in the beading on ■which 
the foot is finally np-Iif ted from the ground. It will be seen 
that it forms part of a line, C D, in fig. I, pi, 1, which coin- 
cides with tlie rest of the hinge concerned in this movement. 

Why should the ankle be so constructed that it is projected 
outwards as the foot comes to full extension in moving for- 
wards ? There are two distinct advantages. One is that the 
ankle of the moving foot is thrown out of the way of the 
other as the former is brought past the latter. Thus brush- 
ing of the up-lifted foot against the ankle on the opposite 
side is avoided. The other advantage is that the excessive 
extension of the footi which conveying it directly over the 
tip of the great toe would involveiis unnecessary, because 
the foot is, in fact, carried over the outer or shorter toes. 

In order that all these movements, involved in a single 
step, should be done well, they must not be done too rapidly. 
Fast walking, as done in foot-races, cannot possibly he done 
well ; it ought not to be done at all. When an increased 
speed is necessary, running is the natural course. In this 
both feet are for a period entirely removed from the ground — 
the heel never touches it — the digitigrade position being 
maintained throughout. 

It is important also that, whatever the speed, the length 
of stride should not be too great. If so, the ground can only 
be reached with the heel ; there is no good foot-hold to 
which the body can be drawn by the muscles acting from 
the back of the foot on the front of the leg. The bearing of 
the hinder foot is also diminished to the smallest point, and 
the propulsion onwards is more likely to be attended with a 
sliding backwards. These difficulties cause greater muscular 
ffort, as well as greater friction on the sole. 

Thei-e should be good firm pressure of the toes on the 
ground, and especially of the great toe at the beginning, 
continued up to the end of every step. 
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Dancing is a much more complex proceeding. The prin- 
cipal movement, however, even here, is to and from the 
tip-toe position. Its Influence, an a means of promoting the 
development and in maintaining the strength of the foot can 
hardly be over-rated. Of this exercise, looked at from 
another point of view, let another speak. "The true idea 
of dancing entitles it to favour. Its end is to realize perfect 
grace in motion. And who doen not know that a sense of 
the graceful is one of the higher faculties of our nature ?"* 



It is, however, with the mechanism of movement, rather 
than the poetry of motion, th^t we are here concerned, and 
we now come to another highly interesting feature in the 
mechanism of the haman foot, one which very largfly con- 
tributes to its efficiency, and at the ^ame time stanipn it aa 
altogether different from any other foot — the difference in 
the behaviour of the great and of the little toes aa they are 
all pressed against the ground, whether for the purpose of 
eecuriug good foot-hold in standing, for rising to tip-toe, or 
for propelling the body onwards. 

The division of the great toe into two phalanges only, with 
two flexor muscles, one to each, is effective to hold both 
down and keep it straight in all its length. Here the advan- 
tage of this construction and of the special development to 
remarkably large size of the first digit is apparent. It forms 
B firm solid base, mnch more so than if, like the other toes, 
it became flexed. Figs. 29 and 30 mark the contrast. In the 
one case, representing the great toe, a metatarsal bone (a) is 
shown with two phalanges. Let it be remembered that there 
is not only a short flexor of the great toe but an abductor 
and an adductor, one pulling one way and one in the oppo- 
site direction, and, like the two reins of a bridle when both 
are pulled together, they have a joint or collective action. 
This is the same as that of the short flexor. The three may 
■ tliuiining. 
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therefore be regarded as one set of llexor muscles. Their 
effect, represented by the line 1, is to hold down the first 
phalanx, acting on it as on a lever, the fulcrnm being formed 
hy the joint at the base of the great toe. 




Figq. £9, so 

FiBH, 09, 30 dhow, !□ tbB Bloat tne and In tho emullBr toBO, the ho&di of ineUta- "| 
tnralbDnos(a)lJoriioilo»obytbo»£>labtot thobody.indloiited liy iirrnwi, and tin 
pbalanReH (tvo In [t|u onBii ol tho sruat toe, throH In tba aais ol tlio miiiLlJer) a«t«d 
oa by tbu muaulus sbown by IIubb, 1 Is tbo flexor brtriii, S Is tbo .ilexar tangui. 
Tbe eruaC (oe In held Oat and aai flexed bb iu fls, ai. and Uiu smalleF (oug bave a 
dsproHBion at b, not a promlnsuoe, as In flg. S2 ; < la a unall boue (Beaanioid} not 
oaually tDuad la the amalloi toea. 

This joint is held down by the weight of the body, as 
indicated by the arrow. Clearly, then, if the combined 
muscles be strong enough to hold down the first phalanx, 
the middle joint cannot rise. As a fact they are sufficiently 
strong, and in a good foot no up-rising is seen at that joint. 
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On the contrary, as it lies between the points operated on by 
the two forces indicated by the lines 1 and 2 in fig. 29, it is 
the point of greatest downward pressure. Thus, the first 
phalanx being held down, the powerful long flexor, (2) acting 
on the second, exerts all its influence on a straight great toe. 





Figs. 31, 32 



Fig. 30 shows a toe with three phalanges and a short flexor 
tendon (1) inserted into the second or middle phalanx. Here 
there is nothing to prevent the joint between the first and 
second rising up, and it does so as the toes are drawn 
firmly against the ground by the long flexor muscle (2.) 
This is desirable where the object is, as far as possible, to 
grip the ground, which is the function of the smaller toes. 

p2 



Every one can try for himself how far this description of 
the difference in the behaviour of the great and of the 
smaller toes cori'esponds with ohservationa on good feet in 
the living body. On the other hand, if a recently amputated 
foot be placed on a table in the standing position and traction 
made on the tendons of the long flexors, the great toe and 
smaller toes will all of them bend. In this experiment the 
short flexor muscles are as if they did not exist. The toes 
are then drawn into the position shown in figs. 31 and 32. 
We see the same thing in feet that have become flat, where 
the bony pressure has for the time destroyed the action of 
these muscles ; it probably exists too in races always flat- 
footed. It certainly does not exist in feet of a high class. 

Figs. 31 and 32 represent the position which the bones 
must occupy in toes as represented in sculpture. The Discob- 
olus of Myron has already been mentioned as having thia 
faulty position of the toes. Here either the athlete repre- 
sented must have flexed his great toe and then pressed it 
against the ground, which he would not be likely to do, or 
he had no power in his short flexor muscles, also nnlikely 
in an athlete, or the artist must have idealised from a faulty 
ideal. That artists in classic times did represent their own 
conceptions of what the human body in the highest perfec- 
tion should be, adopting their own ideal rather than strictly 
following nature, there can, I think, be little doubt. It is 
difficult to look on the foot of the Venus di Medici and 
regard it as modelled from one in a living body. 

The manner in which the smaller toes are represented in 
the Discobolus also calls for remark : they are properly 
shown as gripping the ground, as flexed, but they are also 
shown as a hand would be in grasping an object ; all the 
joints are prominent, as seen in fig, 33. In fact, however, 
the two muscles, as seen in fig. 30, combine to depress the 
joint between the second and third phalanges, as we actually 
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see in nature, and as shown at b. The joint is not promi- 
nent, as at b, fig. 32. This error, for so I cannot but regard 
it, is still more apparent in another Discobolus in the Hel- 
lenic room of the British Museum, a marble copy said to be 
made in Roman times from a Greek original, possibly of 
AJkamenea. Both artists, as it seems to me, must have 
idealised from a bad ideal. 



The collection at Sooth Kensington contains two striking 
figures expressive of action, by eminent modern artists : both 
are placed in the Chantrey Bequest room. One {in bronze) 
is Sir Yfederick l.e\ghtoa's A Ihteie sti-ugglhiff with a Python. 
Here the toes of the foot furthest back are seen to be all of 
them vigorously flexed, the middle joint of the great toe 
and the joint between the first and second phalanges of the 
smaller ones are all of them projecting upwards in one con- 
tinuous straight line, as if they were all constructed on the 
same plan. 

In Mr, Thornycroft's marble statae of Tcucer, close by, 
the same features exist, but in a less marked degree. 



Whoever the artists may be, -whatever their authority, who 
portray the toes as if they were used as grasping organs, it 
cannot be right to do so. Man may be (in more senses than 
one) a grasping animal— his hand is admirably designed for 
such acts— bnt his foot ia intended to press upon the ground, 
and good foot-hold is given in direct proportion as it can be 
so pressed. Such pressure can best be given by maintaining 
the great toe extended in all its length, as in flg. 2i), not as in 
flg. 31. The smaller toes, it is true, are adapted to take 
advantage of any softness existing in the surface of the 
ground, but even they have their ends pressed downwards, 
as in fig. 30 ; there is no digging into the ground with the 
nails, as indicated in fig. 32. This, however, would actually 
1 in any attempt to hold soft ground with the hands. 



The human foot does, in a very slight degree, retain the 
grasping power which characterises the Quadrnmana, bnt 
this cannot he the "essential character" which the artist 
would wish lo represent. The great glory of it is the adap- 
tation for treadiug firmly on that solid earth which man ia 
directed to suhdue. 

My apology for expressing, in a manner so decided, 
opinions on a subject which may seem to belong to the 
artist rather than to the surgeon or to the physiologist, is 
two-fold. First : If it be true that the function of the 
artist is to reproduce the essential characters of the foot, it 
is within the domain of physiology to point out what they 
are. Secondly : In the decision how the feet should be 
used, and how they should be clothed, artists will exer- 
cise an influence greater, perhaps, than physiologists, and it 
is highly important that these essential features should be 
known. 

The difference between the great and smaller toes is 
interesting from another point of view. The carious 
arrangement common to the whole Mammalian kingdom, of 
two phalanges for the first, and three for the other digits, 
seems to have always existed through every geologic period 
since Mammals first appeared — it was seen in reptiles even 
before that. — And yet no Mammal or other animal, recent 
or fossil, has been found in which this arrangement has 
appeared to he of the slightest advantage, excepting only 
man. In him it is essential. One might imagine a human 
hand with a first digit or thumb in three segments. The 
whole scheme of the human foot would have to he changed, 
if such an arragement existed in it. How equal efficiency 
could be obtained I, at any rate, cannot imagine. 

The finer movements, which can be made with the 
fingers, need hardly be considered in relation to the toes. 

The same machinery exists. The lumJiricalea muscles 
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might, perhaps, nniler training, be made to hold down the 
first phalanx, while the extensors, by means of the expan- 
Bion of the tendons onwards towards the tips, extended 
them — a movement similar to that of m.aking the up-stroke 
in writing. No such faculty exists in ordinary feet. 

Nor is there any similarity between the second toe and 
the index finger, which has its special indicator muscle. 
Still, the second toe has a special character. It supplies for 
the act of expanding the toes an imaginary middle line. 
In figs, 17 and 19, pi. 6, the action of the interossei muscles 
is explained. The four on the upper side (dorsal) move 
the four toes from an imaginary middle line in the second, 
which, therefore, has two muscles attached to it. Tiie three 
muscles on the under side (plantar) move the three outer 
toes towards the second, which remains stationary. In the 
hand, the corresponding line is in the middle finger. There 
the balance of power is less disproportionate than it is in 
the foot where the great toe, on the one side, fully balances 
the three outer ones on the other. 

Before leaving the consideration of the toes, Eind the 
manner in which they are acted upon by the muacles, it is 
desirable to notice that the words flexor and extensor, as 
applied to those muscles, express that which those corres- 
ponding to them do in the hand. They express that which 
the muscles acting on the toes would do towards them if 
the toes were used as grasping organs. The words do not 
express their action in the ordinary function of the feet, in 
walking. 



In this act the flexors of the great toe do not flex it at all : 
they hold it against the ground at full length. The flexors 
of the smaller toes do not flex them in the ordinary sense 
of the word : they do not put them in the position shown in 
fig. 32, p. 51, but in that shown in fig. 30, where the final 
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phalanx is actually extended on the second. The extensors 
do not extend the smaller toes ; they pnll the leg forward, 
acting on the first phalanges as fixed points, while the 
second and third are held down by the flexors. Nor does 
the long extensor special to the great toe, and the portion of 
the short extensor going to it, have any effect in extending 
the great toe ; they pull npon it while the fiexors hold it 
straight on the gronnd. 

Moreover, the flexors and extensors are, in the hand, 
antagonistic. The former relax in order that the latter may 
open and extend the fingers ; these, in tnrn, relax in order 
that the flexors may close the fingers and grasp the object. 
In the foot, on the contrary, the flexors hold the toes against 
the ground, while the extensors use the toes, so held, as 
fixed points on which to act as they assist in polling the 
body forwards. Thus, instead of antagonising each other, 
the flexors and extensors, act, at the same time, in perfect 
harmony of action. 

Yet one more contrast with the hand. The muscle acting 
on the fingers which corresponds with the flexor hrevia 
pollicin is situated high up in the forearm. It is there free 
from pressure. Moreover, there is no room for it in the 
palm. The small muscles which act on the thumb and on 
the little finger, specially, can be pushed aside aa the hand 
grasps an object ; and such pressure as they then get is of no 
consequence, because it is at a time when the finer functions 
of the thumb and of the separate finger in which they are 
concerned are not in operation. In the sole, thanks to the 
arch, there is room and protection for all, at all times. 
Moreover, in the foot, the sole ia never used us a palm ; any 
grasping action is done by the toes only. 

A point in connection with the movements of the foot in 
walking which must not pass unnoticed ia this — To have 



57 



I that neither classic nor modern artists have really 
nnderBtood the essential characters of the feet they have 
portrayed is hardly a greater heresy than to say that the 
hnman foot, in walking, does not lengthen. That it does 
do so, seems to be an article of faith in writers upon it ; of 
faith, he it said, for they do not giVfe any grounds for the 
assertion, nor do they point out how it can he demonstrated. 
One sees simply the statement, without explanation or refer- 
ence, that it does lengthen " about an inch." Even the 
late Dr. E. A. Parkes, a name ever held in deservedly high 
honour, says, in his Manual of Practical Hygiene; pre- 
pared especialli/ for itse in the Medical Service in the 
Army, " In the action of walking, the foot expands in 
length and breadth ; in length, about one-tentli " — that 
would be about an inch — "in breadth, even more. In 
choosing shoes this must be attended to." If this were 
really so, it would indeed be important. The fact that this 
assertion is repeated in the last edition (1887) edited by the 
late Dr. de Chaumont, and reproduced by those who exer- 
cise much influence, is snfBcient reason to call for a careful 
examination of the point in question. It would be very 
interesting to see some demonstration of the grounds on 
which the assertion is based, if they exist, beyond that 
given a hundred years ago by Camper, 



The statement that the foot in walking, lengthens about 
an inch, so far as I can discover, was first made by Petrus 
Camper, a Dutch anatomist and philosopher, who wrote on 
a variety of subjects : among others, on the lines of the face. 
Camper's facial lines are well known. He died in 1789. 
A posthumous treatise, "On the better form of shoe," 
written in Dutch, was quickly translated into German and 
French, but did not appear in an English form until re- 
translated from the French for the late Mr. Dowie, the boot- 
maker. It forms the first part of his work on Feet and 
Foot-Clothing. In order to be sure that the translator had 
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derived no wrong impression, I procured the French edition, 
published in 1792. • There is no doubt as to Camper's 
meaning. Fig. 33 is an exact reproduction of his diagram, 
omitting' on!y, for the sake of clearness, some of the letters 
which are not essential. He reasons thus — the line db is 
equal to d c : therefore d B is longer by a quarter of an inch 
in the figure, and, consequently, we are told, an entire French 
inch (about the same as the English inch) in the body. 
Now, the extension in. length cannot go backwards because 
of the solid heel, and of the stiffness of the leather in the 




ptg, us 

Ciuaper'B dingnun sbonlcg bis view ol tlio (aiippuaed) lengtlioDinB ot Cbe foot 
In walhlng. — QxplJilned In ttie text^ 

heel of the boot. It follows then that anless the point of the 
great toe be allowed to move forward a distance equivalent 
to c B, it must be forced back, in the form of the angle f, 
in order to give, in the distance A e an equivalent to c B. 
Tills is Camper's reasoning. 



No donbt all would be as he puts it if the foot did lengthen 
to the extent of cB, but there are two fallacies. In the 
first place, d is not the centre of the segment of circle 
which the heel describes. The real centre is at a middle 
point in the joint between d and D. From this point to 
the extremity of the heel would be the radius of a circle, 
which radius would be the equal in length in whatever 



e kindness of lU 



i, Hachette k Cie. 



59 



position the heel might be. Secondly, Camper hafl not 
recognised that on which I have so strongly insisted — that, 
by one of the same agencies that raise the heel, the arch 
of the foot is braced up, and the distance between its 
extremities diminiahed. The very simple experiment with 
the tape, already described (p. 38>, shows that there must 
have been some fallacy in Camper's reasoning. It is further 
demonstrated in figs, 25 and 26, and explained by figs. 27 
and S8. 

Everyone who wears slippers knows that if they be ever bo 
little too long their heels fall down as the heel of the foot 
is raised ; but, if the foot lengthened in raising the heel, 
that part would be clipped more firmly. 

It ia due to the honoured memory of Dr. Parkes to point 
oat that he was a physician and sanitarian, and, although a 
many-sided man, it is not likely that he ever investigated 
the point in question for himself. He accepted as fact that 
which, even now, ia generally accepted. Really nothing 
bat his high authority and the wide-spread infiuence of his 
work justifies further discussion of the matter. It is, how- 
ever, remarkable that, so far as appears, neither to himself, 
nor to the distinguished editor of the last edition of hia 
work, nor to the many readers be has had among those 
devoted to the personal welfare of soldiers, does this 
question seem to have occurred, — If the foot lengthened an 
inch in every step, what would become of it if subjected to 
the friction that a long march would involve ? Camper 
rightly recognised that the heel cannot extend backwards ; 
the foot must come forwards if it move at all. Now calcu- 
lating from data supplied in Dr. Parkes' book, a soldier 
takes more than 2000 steps in a mile, more than 1000 for 
each foot.* He marches say 20 miles in one day. 20,000 



* The word mile indioahea this^mille patimt, o 
M taken from the spot wheace each foot rises, to 
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times slipping forward of the front of the foot to the extent 
of an inch, and 20,000 times slipping back, the former move- J 
ment with the weight of a heavy man on it ! The result | 
would be too terrible to contemplate. 



I 
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1 expansion in breadth to the extent of one- 
tenth, or anything like it is equally imaginary. There is one 
condition under which actual lengthening of the foot may 
occur. When the weight is borne by one foot flat on the 
ground, the arch, if it be a weak one, falls, with a slight in- 
crease of length. It is, however, even then, very little ; the 
falling of the arch being to some extent attended with a bnlg- 
ing of the inner margin, there is only a very slight extension 
of distance between toe and heel. What actually takes place 
may be seen by putting the foot between two objects on the 
floor, and watching the effect of changes in the position of 
the foot in separating those objects; The fact is, that no 
man, do what he will, can add one inch to the length of his 
foot, any more than he, " by talcing thought, can add one 
cubit to his stature." 

Exception must also be -taken to the statement, common 
in descriptions of the act of walkingj that the foot unrolls 
itself; It does not do, or ought not to do, anything of the 
kind. We have seen that the under side is shortened 
rather than lengthened ; it is braced up by the action of 
mnsclea which assist in raising the foot to tip-toe. There 
is a stiffening with increase of the concavity on the under 
side Of all the body of the foot, and a bending, with a con- 
sequent convexity, at the roots of the toes. This is some- 
thing very different from unrolling. The existing roll, as 
represented by the concave arch, is actually increased. 
Again, the fotit is frequently compared to a rocker. Unhap- 
pily) the prevalent habit of coming down on the heel, then 
falling forward on the ball of the great toe, with little, if 
any, pressure on the ground by the toes, is only too close an 
imitation of a rocker j but should it be called walking ? 
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In good walking, the toes shoulJ reach the ground first : 
they are the organs of feeling ; it is for them to literally 
feel the gronnd. In discussing the question, which part of 
the foot should reach it first, it must be remembered that 
use of the shoes cannot be pre -sup posed. Man must he 
considered as going barefooted if we are to discover the 
best mode of walking. In the savage state, the foot never 
has a hardness at all comparable to the hoofs of animals ; 
it is not to the savage a matter of indifference what he 
treads on. Now let it be supposed that he is walking where 
he is liable to eneoanter sharp objects hidden, it may he, 
by verdttro. If such an object be felt by the toes in 
pointing the foot forwards, it is possible to avoid it by 
withdrawing or diverting the toes while still holding the 
gronnd with the other foot. If there be no impediment : 
if good foot-hold for the toes and front part of the foot be 
found, it will afford a bearing. On this bearing the walker 
can spring if any sharp object come in contact with the 
sole of the hinder part of the foot. Moreover, the heel, 
coming last, is the least sensitive part of the sole. 



On the other hand, if the heel reach the ground first, it is a 
poor guide as to the nature of the foothold. Let us assume 
it to have come on a good surface, hut that the point where 
the tread will fall is occupied by a sharp object, unsus- 
pected. In that case, when the weight of the body falls on 
it, recovery is impossible : one can't spring backwards on 
to the heel as one can forwards on to the toes. Let anyone 
try to walk blind-fold about a room strewed with tin-tacks. 
It can be done if you feel the ground first vpith the toes, 
not otherwise. It ia idle to meet this by saying that for 
walking among tin-tacks it would be better to walk on tip- 
toe altogether— this was the reply actually made, in print, 
by a critic. — The question is, what is the best means of 
walking where sharp objects are unexpected, but liable 
to be? 
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Nor is it sufficient to say that pointing the toes down- 
wards is an " affected " mode of walking. That is a matter 
of taste. It is the natural walk of at least some of the 
highest types of savages. We are at liberty to prefer seeing 
the toes first touch the ground, and held down to it by 
tendons of muscles, which allow the heel to descend ■ 
smoothly and firmly. We may think that this is hettep ' 
than using the foot as if it were indeed a rocker, or as if it 
were the plantigrade foot of a bear. Let them call it 
" affected " who wil} ; it is only using the foot as it ought 
to be used. But, in reality, there is nothing very remark- 
able in the former mode of walking if it be done well. It 
is possible to walk about a room with chalked, but other- 
wise bare feet, and yet the persistence of the chalk on the 
heels show that they have not touched the carpet ; and, 
still, to an ordinary observer, nothing unusual be apparent. 
Where the muscles are vigorous, and under complete 
control, that which, in a person with weak feet, or in one 
wearing tight or ill-fitting boots, would appear extraordinary, 
passes unnoticed. An attempt to walk in a natural bat 
unaccustomed manner, with unnatural impediments, is not 
likely to go smoothly. 



This last described style of walking is only mentioned for 
the sake of illustrationj and not as intended for imitation. It 
is, however, hardly too much to say that, so long as the heel 
does reach the ground at every step, the less weight borne 
upon it the better the walking. 



But it may be asked what purpose is the heel intended to 
serve ? It is fitted with a firm and at the same time soft 
pad covered with a thick skin, and is so adapted better than 
any other part of the foot for contact with the ground. la 
not this a reason for believing that the weight of the body 
is intended to fall upon it in walking ? We are told that to 
place the foot almost flat on the ground is a mistake, as the 
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body loses in part the advantage of the " buflfer-like mechan- 
ism" of the heel. This would be pertinent if the constrnc- 
tion of the heel were not otherwise explained. As it is, 
there is nothing in it to ontweigh reasons for believing that 
the heel is intended for a diflEerent purpose. 

The heel is admirably adapted for sustaining the weight 
of the body, which, in the position of standing at ease, falls 
mainly upon it, and is by it transmitted to the ground. For 
this purpose a soft covering is very desirable, which con- 
sideration alone is sufficient to account for the cushion-like 
pad beneath the heel, hardly, however, to be compared to a 
buffer. But it would be in the act of walking down a hill 
side with bare feet that the necessity for such a structure as 
exists would be evident, In serving as a drag to prevent 
slipping down a rocky slope, strong hard tissues are more 
than desirable ; in a bare foot they are necessary. In walking 
np a steep hill no one uses the heels ; in level ground it 
involvea no great effort to do without them ; bnt it would 
be impossible or, at least, exceedingly difficult to do without 
them in descending a steep incline. 

Among races going barefoot the practice seems to vary. 
The Arabs, who have finely developed feet, point the toes 
downward, while some of the flat-footed inhabitants of India 
are said to bring the heel first to the ground ; but it is ad- 
mitted even of them that, in going down hill, the toes first 
touch the ground. 



If, then, pointing the toes downwards be a necessity in 
going up and in going down an incline, who will explain 
why it is better to bring the heel first to the ground when it 
s level ? Who will tell us at what angle of slope approxi- 
mating to a level it becomes desirable to change ? 

After all, however, the question whether the toes should 
irst touch the ground must be decided by another—ought 
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they to be turned out ? To keep the sole of (he foot parallel 
with the level of the ground and yet point the toes outwards 
and downwards is practicahly impossible. As they are 
pointed downwards they are naturally pointed inwards ; this 
has been shown to be dne to the construction of the ankle 
joint. I have before me a book on Calisthenics, where the 
author, having prescribed an angle of GO degrees, enjoins on, 
the teacher to "see that, while marching, the pnpils point 
their toes down." Without being actually impossible, this 
involves so much difficulty that it would never be continu- 
ously done, however much the teacher might see to it. 

The two qnestiona, whether the heel or the toea should 
first touch the ground and whether the toea should be 
inclined outwards or not, must be considered together ; they 
must stand or fall together. The decision is of great prac- 
tical importance, if only because it involves the question 
whether the present mode of marching in the army is best 
for a soldier's feet, and, therefore, for his efBcieucy ? 

As to turning out the toes Camper was very emphatic. 
He said that it was " iucontestible," for the reason " that we 
then form with the two feet a kind of triangle, which, like 
the tripod, gives them firmness." The poet, on the contrary, 
tells ua of 

" A tower tiat Btood four square to every Trind that blew." 
And the expression standing square to all four winds of 
heaven is familiar, as indicative of the firmness of a struc- 
ture. It will hardly be contended that the idea of strength 
would be better conveyed by saying that it stood three 
cornered, nor will anyone allege that a square table with 
four legs will not stand more firmly than one three cornered 
with three legs. Camper's reason, therefore, may be dis- 
missed as untenable. 

It is too hastily assumed that because, in standing, one 
instinctively inclines the feet at an angle in relation to each 
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other, therefore it is natural, and consequently right. Pro- 
longed standing still is itself unnatural, and the question 
how it can beat be done bo as to avoid ill conseqaence is not 
BO readily decided. 

The position of rest, in the attitude of standing upright, 
differs from that seen in the frontispiece, ^here the foot is 
hanging loosely and the front part turned inwards. In 
standing it comes to a right angle with the body — it becomes 
more flexed. For the reason that the more the foot is pointed 
downwards, or extended, the more it inclines inwards, so the 
more it is drawn up or flexed the more it is turned outwards. 
This is why, in standing at ease, the feet are diverted 
from each other. The feet, in walking, are instinctively 
directed forwards, with the inner margin inclined slightly 
inwards. Hanging loosely, the foot having left the groand, 
it is in an attitude very nearly that of the position of rest, 
and in that position falls on the ground. Then, as the heel 
is lowered, that which was the relaxed position of the arch 
with the foot extended, becomes the strong position when 
the foot is at right angles with the body. All this is instinc- 
tive. Education, therefore, is necessary to acquire the habit 
of tnming out the toes in walking, according to the conven- 
tional notion of elegance. Camper recognized this ; be said 
that " the toea of a gentleman should always be turned out," 
but he adds " those of peasants, and particularly of boatmen, 
are always turned in." If there be any who will contend 
that the toes should be turned out, in standing because it is 
natural, and in walking because it is indicative of education, 
they are beyond argument. 

Let us suppose that a raiin has been for a considerable 
time walking, and that he has done it well : the opportunity 
then comes for a pause. The probability is that he will 
straighten the right knee, over-extending it, so that it locks, 
so to speak, in that position requiring no muscular effort to 



hold the thigh and leg in a straight line. Over the pillar so 
formed the weight of the body will be thrown, the whole ] 
being steadied by the left leg, with the foot on that aide 
inclined at an angle to the other. He will form a, natnral 
tripod and "stand at ease." It is argned that becanse a man 
does this naturally, therefore it is the position in which 
nature intended him to stand. So it may he as a means of 
resting from mnscolar exertion, and yet not be the position 
in which to stand for a long period : that, if it is to be done 
without injury, most be itself a state of muscular action, 
not a mere sinking into repcwe, letting the body squat down 
into what position it will, so long as it does not fall. We do , 
not argue that becauBe a weary man inclinea his head for- , 
ward on his chest, therefore stooping is the proper 
position. 

When, as in the case supposed, a man has walked a long 
distance, his muscles are tired ; they have borne the burden ; 
the ligaments have been supported by their bracing action, 
and very little strain has fallen on them. On the ligaments, 
then, the weight falls, properly and fairly falls, in repose. 
But ligaments are not adapted for a prolonged strain ; whether 
it be in walking or in prolonged standing, they must be 
relieved. They are relieved in walking by the bow-string 
or tie-rod action of the muscles, and this agency must be 
utilized for standing, with the same object. Nothing relieves 
feet strained by long standing so much as springing to tip- 
toe, tightening the tie-rods. 



If the feet be placed parallel to each other at such a dis- 
tance apart that central points under the tread of each foot and 
under each heel shall all of them be at equal dialattce from 
each other, we have the four-square ari-angement which is 
the most secure ; we have also the strong position in which 
the arch is the most firm, and in which the muscles, acting 
as tie-rods, are most effective. 
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This, shown in fig. 34, is, as it seems to me, the position 
in which, beyond all question, prolonged standing should be 
done. I propose to call it the foor-square position, becanae 
central points in the heel and in the tread are equally distant. 
The front part of the foot being wider than the heel, it fol- 
lows that the inner margin is inclined slightly inwards. It 
makes an angle of about 10 degrees with a line between the 
two feet, Meyer's line is indicated in dots. Fig. 35 is the 
military position, where the feet are inclined, at an angle of 
45 degrees from each other. 

Why is the former of these two positions the better for 
standing ? First, because it is four-sqnare, and no other 
figure, consisting of straight lines, gives so wide a basis of 
support in a limited area. 2ndly, it is the strong position of 
the arch, so prone to yield in prolonged standing. 3rdly, a 
1m.rning out of the toes tends to nplift the great toe, and so 
prevent the muscles acting upon it from giving so firm a 
pressure against the ground, and, for the same reason, the 
long flexor is less effective in acting as a tie-rod when the 
heel is lifted, as should be frequently done in prolonged 
standing. 

Under the heading How to Stand I have been at some 
pains to explain my reasons, for the benefit of those whose 
duties compel them to stand for many hoars daily.' The 
advice may be summed up in this — 

1. — Always stand in the four-square position. 

2. — Frequently tighten the tie-rods by springing gently 
on tip-toe, and do this vigorously, when opportunity 
occurs, with bare feet. 

3. — Take care that free movement is not impeded by boots 
nor by socks. The proper form of these will be de- 
scribed presently. 

• " Nnraing Nofes," Sept., and " The Nnreirg Record," 29tli Nov., 1888. 



4.— Let yonr walking be well 
proceed to further discusB, 



The foor-square position shonld be maintained for walking. 
In flg. 36 each foot is in precisely the same relation to the 
line along which the body is supposed to be moving as, in 
fig. 34, it is to one between the two. The importance of 
Meyer's line, here indicated by dots, has already been men- 
tioned. It ia the line along which the body is drawn, prin- 
cipally by action of the tibialis anticus, acting from the 
inner margin of the foot, and the extensor muscles acting 
from the toes, aa fixed points. It is the line along which 
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The four-square and tbe iDllltary poslUoD In Btauding. 

the body is propelled by the powerful long tiexor of the great ' 
toe, assisted by the tibialis posticus and long flexor of the 
smaller toes, which pass with it round the inner side of the 
ankle ; aaeiated also by the two peronei which pass round 
the outer side of that joint. It is, in fact, the line of traction 
forward when the body is behind the foot, of propulsion 
onward when the body has passed over it. 

On looking at this diagram, it may be observed that this 
line does not accord with that in which the body is supposed 
to be moving. No, but it does point directly towards the 
spot on which the right foot ia to fall, over which the centre 
of gravity must for a time be. 
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The right foot does literally /aZZ on this spot, and in the 
position indicated by the diagram. The toes are inclined 
inwards because the ankle has been thrown outwards as 
the foot became extended in rising to tip-toe. The foot is 
now in the position of rest, and all the muscles concerned 
in propelling the body onwards having relaxed, the rest is 
complete. 












Figs. 36, 37, 38 

The two former correspond (in walking) to figs. 34, 35. Fig. 88 is the Bed-Indian 
position. 

Thus the most complete rest possible is given to the foot 
which has just borne the strain of having the body propelled 
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onwards from it. The foot is also in the position adapted 
for falling into the proper place for the next step, without 
muscular efl'opt in placing it. In tliis way, foot-fall is, as 
it should be, something more than a figure of speech. 

Such rest as can be obtained in the intervals between 
steps may seem to be a small matter : the period during 

which the foot is uplifted from the ground seems so small 
as to be of no appreciable value for rest. This is not 
really so. The muscles concerned in respiration get no 
rest beyond that obtained between the inspirations : the 
heart, a muscular organ, only that between the beats. Yet, 
rest, for muscular action, is necessary, and is in each ease 
sufficiently supplied. The alight interval of complete rest 
is important, too, for the ligaments, and it ia highly desirable 
that it should be as complete as possible. The position 
which gives this mnst, therefore, be songht. 



To me it seems that all these reasons tell most conclu- 
sively in favour of the four-square position, and that, in 
direct proportion as they do bo, they teil against the con- 
ventional practice, which has the sanction of mUitary 
authority. 



It is, to me, impossible to believe that it can be right, 
for standing, to place the feet in a position in which the 
arch of the foot is weak rather than in one which renders 
it strong ; (p 29) in a position for which the muscles which 
by action brace up the arch are much less able to act with 
effect (p 41), and in that which affords a less satisfactory 
area of support (p 67). For ^walking, too, the same reasons 
hold good against the military position, as shown in fig. 
37. Moreover, muscles acting along Meyer's line draw the 
body forward and then propel it onwards, in a direction 
away from that in which it is to go ; this, too, ia a course 
for which the hinges are not adapted, while the backward 



thrust must be across the great toe, instead of along the line 
of it. 

Let hb aee how far these hinges are adapted to the move- 
ments described. Fig. 39 is an enlargement of the bones of 
the left foot, as seen in fig, 1, pi. 1, the letters being the same. 




The biaga lino E F la seen to be at rijilit angles to Mejer'a Una, wMoh, pRSBing 
tlutingh the great toe, pointa tawaide the spot where the oppoiitg toot Is to fal], 
(Qg. 36). The hlnce line D is Been to pasa through the middle Joint of the great 
toe. The arrow poiatg towards the spot where thia foot will fall lit the neils(«p. 



Meyer's line is seen passing along the great toe, ■which points 
towards the spot where the right foot is to fall, jnst as it does 
in fig. 36, making the same angle with a line between the 
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two feet. The broad hinge E F ie at right angles to this 
line, just as it should be. When the foot has risen to extreme 
tip-toe, and the body has been carried onward, then this 
foot has to be carried outwards so as to clear the right foot, 
which it haa to pass; for this the hinge C D is well adapted. 

These hinges, already mentioned at page 47, seem to me 
easy to understand, if the four-square position for walking 
be accepted as the natural one, but impossible to reconcile 
with the military position. 

The reasons assigned for this position in walking do not 
bear examination. Here, for the sake of quoting from an 
authority, let us take those given in Dr. Parkes' book. First, 
as to the increased base of support ; the gain in this respect 
must be in a forward and outward direction. But when 
the one foot is lifted from the ground the centre of gravity 
falls on the inner side of the other ; where, then, is the 
advantage of having turned the toes of that foot outward - 
where support is not wanted, away from the middle line of 
the body, where it is specially needed ? The increased 
area of support is required on the same side as the uplifted 
foot. 

Secondly " the feet can advance in a straight line." This 
seems to imply that there is less risk of the foot which 
swings forward striking the ankle of the other leg. The 
arrangement of the angle joint already described which 
throws outwards the ankle of the foot that has risen to 
tip-toe (the position it haa assumed at the time when the 
other passes by), provides sufficiently against collision. 
Moreover, if the toes be turned oul, the heel must be 
turned in, and be, consequently, directed towards the ankle 
of the other foot. Of two men walking in a dirty path, one 
turning out his toes, one putting them straight before him, 
the former will be found to have left more mud on the 



tronser iegs, opposite thr ankles, showing the greater rather 
than the less disposition to brnsh the uplifted foot against 
the opposite ankle. 



Thirdly, it is only admitted to be " doubtful " whether, 
■with the toes in front, there ia any increased spring from 
the great toe, and it ia alleged that the position involves a 
loss, in this respect, as regards the other toes. Now, taking 
the great toe as the base from ■which the body ia to he pro- 
pelled onward, it ia, when directed slightly inwards, in 
line with the direction in which the body has to be 
carried, and in line with the tendon of the long flexor 
mnacle which propels it. On the other hand, when turning 
out, it is obliqae in relation to both. As to the smaller 
toes, they have little to do with the forward spring ; their 
function has been explained to be that of gripping ; bnt 
in direct proportion as they are turned out, the line of pro- 
pulsion ia oblique as regards tbem. This is evident from 
examination of 6g. 39. 



It is argued that military anthorities may be trusted to 
have discovered the best way to march, and that unless it 
had been found by long experience that the manner fol- 
lowed was satisfactory it would have been changed. 

Bnt ia military experience as to the mode of standing and 
of marching satisfactory ? "We are sometimes told, on 
reliable testimony, that, in actual service, the directions of 
the red book are ignored, and that the regulation angle of 45 
degrees is not observed. 



Dr. Parkes's book tells ns regarding soldiers " in the 
attitude of attention " that the heela are close together, the 
toes turned out at an angle of B0° : he further states that 
" the position is not a secure one, as the basis of support 
is small," and that in the manual and platoon t 
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because of the "constant muscular action necessary to 
maintain the equilibrium," the men are " seldom kept long 
under attention." May we not ask why the men are not 
allowed to stand in a more secure position ? Why should 
they not stand like the tower, "foursquare?" If work 
cau be done well under such conditions as described, it 
could be done better with the feet further apart, and the 
muscles, as Dr. Parkes puts it, " less constrained." 

Muscular action there must be ; no one advocates that the 
work in question should be done in a stand-at-ease attitude. 
It should, however, be done in a position that is strong 
and secure, without being constrained. 

Evidence that all is not quite satisfactory in marching is 
found in directions for militaiy surgeons on field service. 
"At the end of the march inspect the foot-aore men," 
This condition has also been described as a " bane of 
marching armies," Why should there be bo many cases 
of foot-sore, some men suffering, and some not at all ? It 
is largely, if not mainly, a question of bad and of good 
marching, of friction on the ground, or of pressure against it. 

We know that a file, as an instrument, is inoperative if it 
be merely pressed on an object ; there must be sliding to 
caase friction. Now if the foot be pressed against the 
ground, and good foothold taken, especially with the great 
toe, at the beginning np to the end of every step, there is 
very little sliding and, consequently, very little friction on 
the sole. This foothold, for reasons already given, can be 
best secured when the foot is in line with the onward 
direction. If on the other hand, the toes are turned out, it 
is on the outer half of the sole that the pressure and the 
friction mainly comes — this is shown by the tendency of 
boots to wear out on that side ; and it is against the onter 
side of the boot that the foot is thrust — this is shown by the 
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tendency to tread over on that aide. All this means sliding, 
friction, and consequent soreness. If the foot be hard 
enough to stand it, no such harm ensues, bat those persons 
who have much horny cuticle on the sole are not the least 
liable to this trouble. It is possible, on the other hand, to 
have a very soft sole, and yet, with good walking, to go 
long distances, and not sofEer at all. This is as it should 
be. A homy condition of sole, or any part of it, must be 
taken as indicating bad walking, and this ought to mean 
bad marching also. 

Sir John Burgoyne, an eminently practical soldier, could 
not have been perfectly satisfied with the English mode of 
marching, or he would hardly have recommended that the 
tread of the Red Indian should be our model.* The excel- 
lence of this mode of walking has received strong testimony 
at the hands of travellers— notably by Catlin, and in later 
times by Lord Milton and Dr. Cheadle, in The North-West 
/ Land. Still, I should be sorry to see it adopted. 



The Red-Indian walk 
of the tread and of the ] 
of movement. There ii 
some circumstances, 
cisely the same tracks. 



shown in fig. 38. The centre points 
el are both coincident with the line 
1 manifest advantage in this, under 
i feet can be kept in pre- 
Beyond this, I see no advantage 
over the four-square position, and, to me, a fatal objection 
is that the feet require to be ^?(i«ed in position. Foot-falls 
should be a literally exact expression. Moreover, the Red 
Indian, as I am informed, does not straighten his knee : 
this kind of step is not conducive to doing so. The step is 
stealthy rather than bold and springing, and, as an appar- 
rent consequence of this, I am also informed that their 
feet are not finely arched.f The Arab mode of walking (a 

* TraiwaotioiiB of the Boyal Engineers — qnoted by Dr Parkea. 

t It w&B io stated in the Medical FnpeiB of Deerfoot, a North Amerioon 
Indian, who was in London, a f nw years ago, eagsged in mnning matohas. 



stately springing step) and the Arab ideal of a foot (one 
nnder whicli water will flow) are both far more deserving 
of admiration. 
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A very eminent military surgeon, at a meeting of the 
Medical Society of London, in January, 1884, enquired 
what could be done for flat-foot in soldiers ? That such a 
condition coold possibly arise in soldiers, unless it be from 
injnry, disease or paralysis, ia enough to condemn any manner 
of marching. They who walk properly are never flat- 
footed. All that has been said of the tie-rod effect of the 
long flexor muscles would, if this could be shown to be 
wrong, have to be nnaaid, and the principles which thia 
book is intended to teach, admitted to be unsound. It is 
bad enough that the army authorities should feel compelled 
to reject many otherwise suitable men on account of this 
deformity in slight or incipient form. Before me is a 
letter from a surgeon accustomed to examination of recruits, 
who says : " If it could be made clear to military medical 
officers that the.se cases rapidly get well under treatment, 
many a good man might be gained for her Majesty's 
service." There is no reason why the parade ground should 
not be made a school for the correction of any but very 
severe eases of acquired flat-foot as it is for the correction 
of round shoulders. A school is said advisedly. In each 
case it is a matter of Physical Education. 

One good man, at least, who, as a boy, had this deformity 
in a most marked form, was "gained for her Majesty's 
service." Albert Organ, a farrier's apprentice, was nnder 
my care in the Gloucester Infirmary, with feet so flat and 
so painful that he could not walk across the ward, a 
condition acquired by standing in his occupation. He 
went out in a better condition, having begun exercises 
consisting of springing to tip-toe, which he was urged to 
continue. He left Gloucester, and I had forgotten his 



77 



existence until more than ten years after-, lie theu turned 
up as a farrier in the 2nd Life Guards, just returned from 
the Egyptian Campaign. His gratitude, very strongly 
expressed, iras, however, tempered with a reproach. He 
said that I had advised him to take to dancing — it must 
have been to him, in the condition he then was, a bit of 
very grim humour. He took the advice to heart and 
carried it out so vigorously that he ■was, it appears, cele- 
brated in the regiment for his proficiency. It had, however, 
BO he said, made him much too fond of it, and led him into 
frivolities, which he seemed to lay at my door. Happily, 
be it added, the career has been too creditable to leave 
Berioua canse for remorse on my part. 



This case has been published with an account of the 
accident which first directed my special attention to the 
mechanism of the foot, A horse falling on one of my own 
feet in going over a street crossing crushed it so severely 
that the strong ligaments which bind the oa calcis and the 
Bcaphoid were torn through ; thus nothing remained to 
prevent the head of the astragalus from sinking. One of the 
cuneiform bones was displaced upwards, and the cnboid 
downwards. This derangement of the chess-board, an it has 
been called, ia evident to this day. Here was a flat foot 
indeed. It was held np by cleverly contrived mechanical 
arrangements, hot, as a foot, it had ceased to be ; it was a 
block on which I did walk, and was to me preferable to an 
artificial foot, but only from the hope of making it better, 
not because it was better. The pain of bringing a new 
apparatus as often as required into something like comfort 
was great, and, on the whole, it was difficult to imagine 
anything better calculated to stimulate a special study of 
the mechanism of the foot, in order to see if it were pos- 
sible to find some means of permanent relief. 



The following bit of reasoning saved me. In a horae, 
the hock corresponda to the heel, and the so-called leg is 
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made of separate bones, corresponding to the human foot. 
In the uplifted foot (fig. 28) a likeness is apparent. Now 
■when a horse rears, or springs over a fence, the backward 
thrust against the leg must be such as no ligaments could 
stand. But a powerful muscle which assists in raising the 
body has its tendon passing down behind the " leg," to be 
inserted into a final hone at the hoof. Thus, the same 
act which raises the body tightens the tendon, and has a 
tendency to throw these bones forward, and prevent the 
backward thrust. All these conditions seemed to be pre- 
cisely comparable to the human foot, and my reasoning 
was that if in my case the tendons crossing the sole could 
be tightened the arch of the foot might he thrown up. 
Nothing would do this but action of the mnscles, and any 
such action was painful because it moved the displaced 
bones. Little by little, however, the desired object was 
realized. In six months, a foot which for six years pre- 
viously had never (without instrumental support) risen to 
tip-toe, was strong enough to allow of hopping over a 
footstool. 



This was in reality a tightening of the bow-string or tie- 
rod (to which the tendons crossing the sole have already 
been compared) as a means for increasing the convexity of 
the bow, or throwing up the roof. The personal references 
must be pardoned : to make them is my only course in 
order to give emphatic testimony to the principle involved, 
a principle applicable to the prevention and cure of a 
common as well as distressing condition arising from the 
too prolonged standing incidental to many occupations. 



Flat-foot is too commonly regarded as due to the weight 
of the body pressing down the arch. For myself I do not 
find that heavy well nourished children are those in which 
weak ankles and the more complete deformity are most 
common ; nor do I believe that the differences, in races. 
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which traTellera describe are due to weight of body bo much 
aa to manner of walking. Of two races, let one be heavy 
but haughty and imperious, accustomed to conquer and to 
command, let the other be light but snbmissive, a conquered 
and servile race ; I venture to predict that the latter rather 
than the former will be flat-footed, difference of weight 
notwithstanding . 



This deformity has received a great number and a great 
variety of explanations which need not be discussed. One, 
however, seems to call for protest. An English writer in a 
foreign journal, a copy of which he kindly sent me, has iu 
the present year (1888) given his adhesion to the opinion of 
another authority that it is due to defective design. For 
myself I cannot accept as "the most rational" or as rational 
at all, the view " that in the normally constructed foot the 
lower end of the tibia is placed too much toward the inner 
border of the foot, so that the tendency of the tarsal arch is 
to give way under the pressure of the weight of the body, 
and has to be constantiy combated by the efforts of the 
strong leg-muscles inserted into the foot. If we had to 
create a new foot and leg simply with the view of preventing 
flat-foot, we should plant the lower end of the tibia rather 
more toward the outer margin of the foot." 



Of course the tendency of the tarsal arch is to give way. 
How otherwise could there be sufficient elasticity ? Although 
the yielding element exists, as already stated, it is a neces- 
sity. Unless the arch were made, like a piece of masonry, 
unyielding, it must yield according as it braced up by the 
muscles, as in walking, or pressed down by the weight of 
the body, as in standing at ease or in falling suddenly on 
the feet. To say that this tendency "has to be constantly 
combated by the action of the strong leg-muscles," ignores 
the fact that they do this not as a special exertion for that 
purpose ; they do it in the fulfilment of their proper functions, 
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in moving the foot on the leg and the leg on the foot. 
They and their action would be just as necessary if no such 
extra need existed. It is one of the beauties of the animal 
mechanism, freqnently manifest, that more than one pur- 
pose is effected by a single action, jnst as more than one 
effect generally results from theexercise of function in the 
different organs of the body." 

When, in walking, the heel is raised, the foot ia thrown 
outwards, so as to escape contact in passing the other, and, 
at the same time, into the position of the most perfect rest 
and readiness for falling on the ground in the next step — 
all in one movement. The toes are pressed against the 
ground, and good foot-hold obtained, by muscles which also 
lift up the heads of the metatarsal bones, relieving them 
from undue pressure as the weight of the body falls on 
them. The arch, existing for the protection of muscles, is 
by the action of muscles formed and supported ; of these, 
some, in helping to form, limit the formation of it. And bo, 
too, this arch is braced up, and all tendency to flat-foot pre- 
vented by muscles, which, in the act of raising the body, 
and propelling it onwards, relieve the ligaments from strain. 

We must always bear in mind that the pillar formed by 
the upright body is a series of curves. In the spine they 
are directed alternately forwards and backwards ; in health 
there is no lateral deviation of the spinal column, which, if 
existing, destroys the symmetry of the body. At the hip 
there is an outward curve, changing to one inwards at the 
knee ; then the tibia has an outward curve, changing to one 
inwards at the ankle. The outward curves, it will be ob- 
served, are rigid ; those directed inwards are the ones which 
yield. Fig. 40 is a diagram of the curves at the hip, at the 
the ankle, where the curve is again changed to for- 
wards and backwards at the same time. Enock-knee is an 
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undue yielding at the knee (a), jnst as flat-foot is a yielding 
at the ankle (b). In each case there is, If anyone care to 
call it so, a tendency to deformity always existing, bnt it 
exists to supply a necessary pnrpose, and provision against 




« tihs natar&l onrves at tha knee (a) auc 
the liuea DulUiig in the aplne above S. In fl«. O. tha utovb h1 
(towiude d), ot the resultant ol the two toioea aetiDg, from a, towt 
o, thni pMveutlng knoek-knee. 



A the ankle (b), 
* the dlrectiaa. 
Is h and tanards 
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actual occurrence of deformity is aupplied by the agency, I 
muscular action, wliicli, at the same time, effects another J 
purpose, that of movement. The extent of the curve (b) is ] 
seen in the section through the ankle, fig. 16, pi. 5. 



The two deformities are so closely allied that a diagram. | 
illustrating the mechanism of bnock-knee is here introduced. I 
In it two lines, the thigh and the leg, are inclined at an angle | 
meeting at the knee. Let these be represented by a b and 
Be (fig. 41). We know that when two lines are inclined at , 
an angle, traction on both ends has a tendency to draw them 
into one continuous straight line. The well known law of J 
the parallelogram of forces is bnt an expression of this simple I 
fact. By this law if a force acting in the line a b be cou 
teracted by one acting in the line ac, the resultant will be I 
in the diagonal of a completed parallelogram, or towards d, , 
in the direction of the arrow. But this is towards a straight | 
line between b and c. Clearly, then, if this could be done ] 
with sufficient force, the knock-knee, or the tendency thereto, 
would be prevented. 
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Now, beyond all question, the weight of the body is a 
force acting in the line a to c. It also acts in the line b to a, 
but this latter is more than connteracted by strong muscles 
acting in the line a to b. If these were insnfRcient to coun- 
teract the weight of the body, it could not be lifted from the 
kneeling to the upright position. These muscles are all 
attached, above, to the pelvis or bony ring forming the basis 
of the trunk and, beneath, to the bones of the leg below the 
knee. Some, uniting in the tendon in which the knee-cap 
is included, are inserted to the tibia in the middle line ; 
others go to form the ham-strings on either side behind. 
The fact that these muscles are also attached to the thigh 
bone, along which they pass, does not affect the position. 
They are all collectively represented by the force acting in 
the line a b. 
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Here then we have all the conditions necessary for the 
operation of the law of the parallelogram of forces. Now 
let na suppose that a person ■with a tendency to knock -knee — 
he will probably have a tendency to flatrfoot also — makes an 
effort to reach to the greatest possible height. He springs 
on tip-toe, and the foot is braced up by the bow-string or 
tie rod action of the muscles on the sole ; the muscles of the 
front of the thigh acting in the line ab (fig, 41) exert them- 
selves to the utmost in straightening the knee, and drawing 
it towards a straight line between b and c. This, however, 
is not all. The peroneus lo?iffus muscle, acting from the 
foot as the fixed point, not only braces up the sole, but also 
draws the leg outwards. " Moreover, the mass of muscle 
attached to the haunch bones, which swings the thigh and 
leg outwards, when they are free to move, can only act on 
the knee and draw it outwards wliea the foot is fixed on the 
ground. Thus we have a great array of forces all tending 
to prevent knock-knee and flat-foot as they draw towards a 
straight line between the toes of the uplifted foot and the hip. 
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Springing upwards, as done in reaching the bough of a 
tree, a strictly natural occupation, must, then, tend to pre- 
vent both of these deformities. Unfortunately, it is a move- 
ment seldom necessary in the ordinary life of most persons, 
and many sink downwards in consequence. Sir James 
Paget has well said that persistent effort to conceal defor- 
mity will often do much to correct it. This ia specially 
true in these cases. Reaching ujnvards is a good thing to 
do, not only in a metaphorical sense. 

Now let it be supposed that the body has reached the 
extreme height, and that the hands have taken hold of 
something to be drawn down in opposition to resistance 
from above, like the bough of a tree. This is done by 
muscles also acting in the line ab (fig. 41), but behind the 
thigh; they bend or flex the knee as they draw the body 
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downwardg. Still, even they tend to keep the thigh and the 
leg bonea in a straight line from before bacltwards — they i 
tend to prevent knock-knee. But the leg has to be drawn 
down, the knee towards the toes ; this ia done by the exten- i 
Bor muscles on the front of the leg, and, largely, by the 
tihialis antiats. This latter muscle is attached to the very ' 
crown of the arch of the foot, which, by its action, ia drawn 
directly upwards. Here again we find the same muscular 
act (that of drawing down in opposition to resistance from 
above), good alike for the prevention of knock-knee and of 
flat-foot. 

The influence of the tihialis anticiis mnscle is here seen 
to be of value in the prevention of flat-foot, but not at all 
commensurate with that of the bow-strings beneath. I 
eminent American authority, however, attributes fiatrfoot ' 
entirely to paralysis of this mnscle, a view from which I I 
emphatically dissent. 



The arch of the foot is formed, is maintained, and, as 
ample experience has shown me, may be restored by the 
muBcnIar action which free use of the limbs involves. But 
enough, I hope, has been said in justification of the view 
already put forth that it is not a weak point in the human 
body — that, given free play to the functions of the foot, the 
provision for maintaining the arch will be found to be as 
complete as' for the maintenance in position of any other 
structure. It ia almost enough to say, with respect to falling 
of the arch or flat-foot — for prevention promote, for restora- 
tion renew the functions of the great toe. If the short flexor 
muscle which holds down the first, and the long flexor 
muscle which holds down the final phalanx, be habitually 
in vigorous action, the other muscles which assist in holding 
np the arch {tihialis posticus and penmetis longus especially) 
will be pretty sure to be doing their part also. Not so the 
converse ; the operation of the musclea acting on the foot 



may be continued although those acting on the great toe 
have become inactive. This may be instinctive, on account 
of pain or irritation in the large joint at the base of this toe. 

It will readily be admitted, if the all-im.portant part in 
the mechanism of the foot assigned to the great toe and to the 
muacles acting on it is to be efficiently performed, fi-ee play 
of all the joints concerned is a necessity. But the enormous 
amount of injury more or less directly traceable to inter- 
ference with Buch free play cannot be realized unless the 
effects of it be carefully traced through a variety of phases. 



In rest the great toe lies in contact with its fellows ; in 
action, when pressed against the ground, it comes away from 
them towards the middle of the body, moving not only 
downwards but sideways. This same movement tabes place 
if it be simply pushed down with the finger and allowed to 
follow its own course independently of mnacnlar action. 
Clearly, then, that is the line of movement for which the 
articular surfaces at the base are intended (fig. 1, pi. 1). 
Now let ua suppose that it is held firmly against the others, 
or even over or under, as is done by a median-pointed boot. 
In direct proportion as this is done the joint in question 
grinds, ao to speak, like a hinge pressed out of the proper 
line. Provided that this be done gently and constantly no 
manifest irritation is set op in the joint, and in time the new 
position becomes more or less permanent. The deformity, 
for such it ia, baa been successfully iuiuced. If, however, 
the proceeding be violent or sudden, then evidence of serious 
injury to the joint will at once appear, or, as is much more 
likely, the full extent of injury will not be apparent, but 
the joint will in any case be a damaged one. 



Sometimes this joint is remarkably tolerant, and will 
submit so quietly that the great toe will be found to have 
described nearly a quarter of a circle, and to have come to 
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lie across the other toes. In such a case it is manifest that 
the powerful flexor muscles must have ceased to act. Thus 
the bow-string or tie-rod action of the long flexor must he 
lost. Flat-foot may therefore be expected, and is in fact 
often found to exist. The irritation set up may result in 
such spasmodic contraction of muscles as to hold the great 
toe rigid until it assumes a more or less permanent rigidity, 
or it may be fonnd to be persistently flexed at either of the 
two joints ; it may assume the form seen in fig. 31, or the 
whole toe may point downwards. The latter form is due to 
causes not always clear ; the discussion of them would be 
out of place here. The former may be caused by direct 
pressure of the boot, or it may be due to loss of power in 
the short flexor muscles, (generally caused by temporary 
paralysis, due to pressure by a fallen arch) which fail to 
exercise the influence shown by the line 1 in flg. 29. Thus 
the condition portrayed by artists actually exists as a defor- 
mity, and, happily, ceases to exist so soon as the arch ia 
restored and the muscles relieved from pressure. 
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The severe irritation set up in the joint, caused by the 

distortion and by the pressure of the boot causing it, leads 
to thickening at the angle formed by the base of the great 
toe. This thickening becomes itself a cause of increased 
pressure, in turn leading to still greater thickening. A fully 
formed bunion, as it is called, ultimately results. This very 
common deformity is very frequently supposed to have an 
hereditary origin, and the subjects of it flatter themselves 
that it is not due to boots at all. The tendency may be 
hereditary, but an exciting cause, such as distortion or prea-' 
sure, must always exist. 

A case in which the joint in question has never been 
injured by distorting the great toe from its natural position 
and preventing it from following its natural line of motion, 
is, I believe, very rare indeed. Consequently it is almost 
always a weak point, and liable to be the seat of disease. 
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This joint is well known to be a favourite seat of gout. 
Although it must be admitted that this familiar disease has 
curious preferences, not easy to explain ; it ia certain that 
damaged parts are more favourable to it, as to all other dis- 
eases, and that the frequent occiirrence of it at this spot is 
mainly dne to the circamstance that it there finds a place 
which has long been the seat of more or less persistent 
irritation. 

In-growing toe-nail is a frequent and painful result of 
pressure on the margins of the broad nail, developed, like 
everything else about the great toe, to large size. The edges 
curl under, and, in growing forward, throw out exceedingly 
sharp points, joined to the front edge of the nail by little 
crescents. Thia is a case in which removal of the cause is 
frequently insufficient for cure. The nail itself has to be 
removed, so as to make a new start. 

The evils of distortion of the great toe are not confined to 
itself. A condition resulting therefrom known as hammer- 
toe is frequently found in the second. Fig. 30 shows the 
position in which all the smaller toes are naturally drawn 
by their flexors. When the upward- projecting joint cannot 
be straightened, and this position remains permanent, it 
constitutes hammer-toe. Let us see how distortion of the 
great toe is the cause. 

The second toe in the position shown in fig. 30, that which 
it naturally assumes by the action of its flexor muscles, 
presents on its upper side, at b, a surface or bed on which the 
end of the great toe may lie. Now that toe, in its position 
of rest, is extended upwards and outwards, close to if not 
partially over the second. On to this surface, at b, it will 
probably be pressed when packed into a tight sock or 
median -pointed boot. When the unyielding sock or boot 
prevents the great toe from moving inwards it can only 
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press downwards. Thua with every step its own flexors 
draw the second toe into the position which (when perma- 
nent) confititutes this deformity, while the great toe presses 
down the end and keeps it there. Any joint held in one 
position long enough tends to get fixed ; the ligaments 
become permanently contracted. It most also be recognized 
that very few persons will deliberately extend their toes 
when the clothing is removed, as a means of connteracting 
the contracted position in which they are held while it is 
worn. The Position of Rest, too, tends to promote contrac- 
tion, as involving flexion rather than extension. 

In a similar manner either of the smaller toes may become 
affected with hammer-toe, but the conditions favonr it most 
in the second toe pressed down by the distorted great toe ; 
here it commonly appears. 

Much mystery is made of hammer-toe, which has been 
supposed by authorities of eminence to be due to some 
obscure cause, seated somewhere in the nerVe system. To 
my mind the explanation I have given is amply sufficient. 
But, it is argued, why should it occur almost always in this 
particnlar toe ? Because, as explained, it is the one which 
is over-ridden by the great toe, It is, however, distinctly 
shown to be hereditary ; it is so manifestly hereditary in 
one distinguished family that the family name has been 
applied to the deformity. 

Doubt is thrown on the probability that deformities, 
originally due to injury, may be transmitted and become 
hereditary. I see no reason for doubting this. I find in 
the feet of young infants, even in those newly born, the 
fourth toe turned in under the third, and the opposed sur- 
faces flattened to fit each other, a condition exactly similar 
to that induced by pointed boots. Surely this must be a 
transmission of a deformity so acquired ; and there is no 



apparent reason why the same thing should not happen in 
the case of hammer-toe. 

Let na take a broad view of the matter. These and other 
varieties of deformity of the toes are not found in races who 
walk barefooted ; while flat-foot, which is a consequence of 
bad walking, is common enough in people who go barefoot. 
This is noticed in India. A very reliable correspondent, 
writing from Sutherlandshire, states that among those who 
go barefooted or who, like game-keepers and shepherds, 
wear broad-toed boots, hammer-toe is unknown, but that it 
is found " amongst the ydnnger members of the community, 
who, wishing to look neat, wear the narrow cramping boots 
which are sent from wholesale houses in the south." This 
is civilization extending northwards. 



The relation between coma and too tight or badly fitting 
boots is too obvious for dispute. Corns are illustrations of 
the law that intermittent pressure and friction causes over- 
growth. The cuticle becomes thickened at the pressure 
point until, in turn, it becomes itself a cause of pressnre 
from its own hardness and large siae. Here removal of the 
cause is speedily followed by disappearance of the effect. 



That a long train of evils are more or less directly due to 
defective foot clothing is beyond all reasonable doubt. Bnt 
while this may be recognized and admitted as regards boots, 
few persons at all realize the amount of injury traceable to 
socks and stockings. They are usually made with a middle 
point, and, being put on while the foot is in the Position of 
Rest, the toes readily accommodate themselves, and assume 
a pointed, crowded form, which friction against the sides of 
the boot, in putting it on, tends further to aggravate. Now 
it requires a vigorously acting great toe to overcome the 
impediment to side-way action, even if the sock be suffici- 
ently elastic to allow it at all and there be room in the boot 
for it to take place. 
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If, when a great toe has been persistently distorted, the 
subject of it be convinced that a. boot with ft straight inside 
line is the proper thing, and has one made accordingly, it is 
found that the great toe will not occupy the space provided; 
the leather falls and hardens, the great toe, occnpying its 
old place, crowded up with the others. This is pointed to, 
triumphantly, as conclosive evidence that room on the inner 
side was not wanted, and is of no use when supplied. 



If, however, a sock with a separate stall for the great toe 
be worn, there is no longer any dragging on the smaller ones 
every time that it moves downwards and inwards ; then, 
with good walking, the great toe will maintain its proper 
place. If distortion have had the effect of apparently fixing 
the great toe in an everted position, even then, if the great 
toe be persistently used, it will, as it recover? its functions, 
resume its proper place, unless the deformity have been ao 
bad as to involve complete loss of function, when it can't be 
used at all. 
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Ordiasry and proper foi 



The ordinary median -pointed or even-sided sock is pro- 
ductive, directly and indirectly, of much of the evil put 
down to the charge of boots, and should be discarded by all 
who wish to use their feet as feet. The separate stall for the 
great toe is always desirable, but for those who, happily, have 
no distortion and full use of the great toe, a sock with a 
straight inside line will suffice. The three forma are shown 
. 42 '3 '4. 
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The separate stall for the great toe is an element of great 
importance, but, as regards function, there is no advantage 
in a separate stall for each of the smaller toes ; they all move 
together and do very well in one casing. Under some con- 
ditions of unhealthy skin it is of decided benefit, but only 

On the material of which the sock is composed the comfort 
and the healthiness of the skin much depends. It is impor- 
tant that it should be of wool, not of a character liable to mat 
together ; that it should be porous, readily absorbing perspi- 
ration and readily allowing it to evaporate. Cotton does 
not readily absorb moisture at all, but once wet it remains 
clammy, and is a long time drying. As a material for 
clothing a foot pent up in a boot it is most unsuitable. 

Free exposure of the feet, and of the socks, if they are to 
be worn again, to the air from which they have been 
seclnded is highly important. For the unpleasant character 
which the perspiration aometimes assumes, readily amenable 
t.0 judicious treatment, no remedy is efficacious unless there 
be free exposure to the air. To this end, cloth shoes are 
highly desirable. 

It should be always borne in mind that the impurities in 
clothing consequent on personal wear are all of organic 
character, and capable of oxidation, — that is to say, literally 
burning up by free contact with air. So far as mineral 
matter, in the form of dust, gets in the material, that, on the 
removal of the organic matter holding it, readily shakes out. 
Thus, if only exposure to the air be sufficiently free, washing 
is unnecessary. What amount of exposure will be sufficient 
depends somewhat on the porousness of the material as well 
as on the freedom of the exposure. 

Of a very eminent military commander I have heard Mr 
Villiers, the war correspondent of the Graphic, say — ^that he 
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only takes three socks in his campaigning kit ; one a 
hanging on a line outside his tent, gives each a renovation 
in turn. In my view, that each should have a straight inner 
line, if not a separate stall for the great toe, two pairs would 
be necessary. If it be remembered that the organic matter 
is removed by oxidation, literally hnrnt out, and the inor- 
ganic matter, left as dust, is readily shaken out, then this 
substitution of fresh air for a laundress need cause no surprise. 

Locke, in his "Essay on Education," advised for the 
"young gentleman" that his "shoes be made so thin as to 
leak and let in water whenever he comes near it." No one 
who advocated this woold gain many adherents now. Still 
I have little donht that if the feet were allowed to get freely 
wet, as they would through a porous material like cloth, 
and freely dry again, which that material would permit, the 
risk of injury Would be less than in allowing them to get 
wet, or even damp, and retaining them in that condition 
encased in wet leather. This material is sufficiently imper- 
meable to prevent drjing, aljd is, especially when wet, such 
a good conductor of heat that the chilling of the feet is 



A material which would allow air to come to the skin 
and yet serve to keep the feet dry, both being desirable, 
involves an impossible combination ; and, whatever be the 
demerits of leatherj and they are many, there is, literally, 
nothing like it for general acceptance, and it must be 
accepted as the material for clothing the foot. There is no 
doubt that the property of extensibility which leather pos- 
sesses in a very marked degree, and which would seem to 
render it exceedingly easy to use for fitting an irregular 
object, has been the occasion of the great want of success in 
fitting the foot; 

Of this general want of success there is no doubt. An 
American young lady is said to have paid her dress-maker 



93 



the compliment of saying, with respect to her dress, " It fits 
as if I had been melted and poured in." When a boot Tphich 
nearly fitted at iirst has been worn some time it does ao fit 
that if liquid plaster were poured in a fairly accurate model 
of the foot might he obtained. But this is when the boot 
has been moulded to the foot by the foot itself. Few if any 
makers would care to submit to the same test as applied 
to a new boot. And yet the leather, unlike the material of 
the young lady's dress, is sufficiently stiff to stand up so aa 
to receive the liquid plaster. 



Why should not the moulding which the foot has to do 
for itself be done for it ? That it is possible to cut material 
BO unadaptable as that of which dresses are made, and with 
it cover shoulders accurately, but that it is not possible, with 
a material so adaptable as leather, to cover the foot with 
equal accuracy, is not a proposition which carries reasonable 
probability on the face of it. Moreover a wooden model, in 
the form of a last, on which to work, is available in the one 
case and not in the other. If a tailor could have an exact 
model in wood of the shoulders he is called on to fit, his task 
would surely be made more easy. I contend that no reason 
exists why a boot-maker should not have, in the form of a 
last, a model of the foot he has to fit as accurate as a sculp- 
tor's skill can make it. 



No one will allege that the ordinary last is anything more 
than a gauge as to size. Nor can it be doubted that a boot 
Bent home in a shape strictly conforming to the contour iif 
a natural foot would afford no satisfaction to any but very 
few persons for whom they might be intended. A new boot 
must be elegant, as elegance is accounted. An old boot is 
supposed to be ugly. I think that the old boot should be 
the more elegant of the two. This, apparently, is not the 
accepted view. 
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The explanation is really due to a vain striving after a 
false ideal of beauty, for which boot-makers are not wholly 
responsible. They seek to snpply foot clothing which 
accords with (to quote a trade prospectus) " that symmetry 
of form BO desirable with persons of good taste." Whether, 
as appears to be the case, symmetry is here ased in the strict 
sense of even-aidedness or not is immaterial ; there ia no 
doubt that this element is always held in view and attained 
as much aa possible. Even those makers who make boots 
with straight inside lines think it necessary to make the 
other side to match, by giving it an angle too, as nearly as 
may be corresponding, although less pronounced. No one, 
so far as the work has come under my notice, has boldly 
accepted the fact that the two sides of the foot are altogether 
unlike, that there is no symmetry in the two sides, and has 
acted accordingly. 

And yet if this even-aidedness be an element of beauty, it 
mnst be admitted that the pig and other animals have it in 
far greater perfection than, to the human foot, any boot can 



" All facts of nature conform to utilitarian as well as to 
seathetic principles, and symmetry is no doubt necessary to 
the mechanical balance of the body."* Yes, of the body, of 
the foot on either side of it, not to the two sides of one foot 
any more than to the two aides of one hand. 



Sir Gilbert Scott, in his Lectures on Gothic Architecture, 
condemns any attempt " to avoid irregularity by making two 
essentially different parts look alike at the sacrifice of their 
practical demands," He had no sympathy with any " morbid 
striving after forced uniformity, torturing of the internal 
arrangements to fit a pre-conceived elevation." Is not an 
exactly corresponding course taken in the "morbid striving" 

• Moody — Leotures on Art. 
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to make the boot look, if not symmetrical, as nearly so as 
poeaible ? Verily there is a " torturing of the internal 
arrangements" of many a foot to fit a wrongly conceived 
idea of the form. 

The two sides of the foot differ in form, in structure and 
in function. Instead of attempting to conceal the dissimi- 
larity, ought we not (as Sir Gilbert puts it of a building 
where there is a difference in the requirements) to "rejoice 
in making the exterior in some degree expressive of the 
change of purpose in the internal arrangement ? " 

If the foot is to be clothed with due regard to good taste, 
as I understand it, all idea of symmetry must be abandoned, 
and real beauty seen in the absence of any such feature. 
The inner portion of the foot includes the strong arch on 
which the body is supported and the pillars thereof, from 
one of which the body is propelled onwards. The outer 
forms a buttress to give additional area of support where 
such support is not afforded by tjie foot on the other side. 
This difference sliould be expressed rather than effaced in 
the clothing. 

It is clear that any beauty to be seen in the foot must be 
in the form. The texture and the colour are hidden, and, 
for the most part, any expression which movement can give, 
is hidden also. It has great beauty in form, and probably 
no beauty is more permanently satisfying than that of form, 
whether it be in a vase, as Mr Gladstone has recently pointed 
out, or in trees, as Lord Beaconsfleld found, It would indeed 
be a cause for congratulation if this beauty in the foot confd 
be expressed through clothing, fitting the foot and fully 
revealing the form. 

Unhappily the existing state of things is only too for- 
cibly illustrated by the writer of the offlcial account of the 
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Clothing Section in the Handbook of the International 
Health Exhibition, who says — "Unfortunately the more 
hygienic the reputed qnalitiea of the boot the less does its 
form commend itself to the artistic taste." Anyhow there 
must be something wrong here. They who worshipped the 
goddess Hygeia knew what beauty in form meant, and 
nothing should be called hygienic that is ugly or oflfensive 
to good taste. 

It is by no means easy to see in what sense this much 
abused word "artistic" is given ; and the only cine we have 
is that, while the writer goes out of his way to object to the 
so-called hygienic boot, he finds no cause for disapproval — 
at any rate he expresses none — of the conventional type. 



To ordinary persons fine art may be a sealed book, 
" for fine art is a deep well to draw from ; it covers a wide 
space, it penetrates far below the surface of things, it appeals 
to a wide range of sympathies, embracing subjects near akin 
e and poetry, philosophy and religion." 



These words were noted and preserved when first uttered 
long before they appeared in a printed book.* They may 
seem to discourage any utterance with respect to fine art by 
those who have no pretensions to be themselves artists, 
Not so their intention. Spoken by one who spoke with the 
highest authority, one who ever taught that fine art must, 
before everything, be true, and must accept truth from 
whatever source it may come, they encourage comment 
rather than forbid it. 



" " The Miniatry of Fine Art to the Happicesa of Hnman Life,'" by T. 
Gnmbier Pany. The death of Mr Gambler Parry ooonrred just as these 
page» are written, at hia residence, Eighnam Court, near Gloucester; an 
irreparable loaa to the neighbourhood where for fifty jearB he had lived 
and worked to promote the happineas of thoee around him, not only by 
means of the fine arta which he understood and loved bo well. 
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Science tells ua that the hnman foot ia Bomething very 
different from that which the modern boot makes it appear 
to be. There can be little akin to Poetry in that which litnitB 
the poetry of graceful motion and associates it with pain. 
Philosophy cannot accord with that which degrades to the 
similitnde of the lower animals essentially human charac- 
ters. Religion cannot fail to condemn that which distorts a 
portion of God's noblest work. 

But can the boot-maker be an artist ? While these pages 
have been in preparation one who claimed to pronounce 
dogmatically on art, said in my hearing, that a hoqt-maker, 
however skilful as an artizan, cannot be an artist. From 
this I did and do emphatically dissent. He m^y be sq as 
really as any of the monk-masons of old, who 4elighted to 
express in atone the sense they felt of what their work waa. 
Sm-ely one may conclude that Mr Murray, who told fs that 
the aitist re-prodaces the essential character of the object, 
■would allow that the boot-maker, in so far — only in ao far — 
as he expresses in the clothing the essential charncters of 
the object he clothes, may claim to be, in the highest sense 
of the word, an artist. 

Of those who make up for want of knowledge of those 
essential characters by expressing a middle line which does 
not exist, and by putting on ornament, which expresses 
nothing but the designers idea of elegance, notiiing need be 
here said. 



If without presumption I may oEEer advice from the 
artistic point of view, it would be summed up in this ; — 
Look on the feet as two halves of a harmonious whole, each 
the complement as well as the counterpart of the other. 
Bear in mind that the principal characteristic of the human 
foot is the great development of the ioner side ; that the 
main line of action along which the bod3- is drawn forward 
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and propelled onward is that which I have called the leading J 
line, correapondlQg to Meyer's line in the sole. The leading-l 
line 13 appropriately marked in the foot by the ci 
stance that it is the highest part, it iB, iu fact, the crest of I 
the ridge. Express this in the clothing, and let it be marked I 
out by some feature, by the line of the laces or in the lino 1 
of a seam. Let the ontside of the foot appear as it is, a sort 
of buttress to the inner portion, and abandon all attempts to 
make the two sides symmetrical. Rather, as Sir Gilbert 
Scott put it, rejoice in the opportunity of making the! 
clothing expressive of the diCEerence of purpose in the twofl 
sides of the object you clothe. 

If you must put ornamental stitching, or, as often seen in^ 
toe-caps, perforated work, avoid ail appearance of attemptini 
to expreaa a middle line, which exists only in imagination. 1 
Accentuate, if yon will, that which is an essential characterj J 
and mark out the leading line or any other feature which"! 
exists, but, at any rate, abstain from expressing that which I 
has no existence. 

The principle involved in the maxim " let the shoe-maker ^ 
stick to his last," ne sittor iiUra crepidam, if applied to the I 
Snrgeon, may forbid him to meddle with it. Surgeons have 
said hard things of boot-makers, without doing much to 
show what, from their point of view, is wanted. On the 
other hand one reads how that eminent medical men have 
" recommended shapes for the soles of hoots as unfit for the 
human foot as a Queen Elizabeth frill for a giraffe." This 
was the statement of a contributor to the Boot and Shoe I 
Trades Journal, but the editor of that paper once said that \ 
there were questions in which " we think that the functions ! 
of the Surgeon and the military boot-maker might be judi- 
ciously blended." In the hope that they will be accepted 
in the same spirit as that which dictated the above sentence 
any suggestions herein made aa to boot making in civil life 



are offered, and certainly with uo pretensions to any ability 
to teach that of which I have very little practical knowledge. 

For material there is little choice ; leather is a foregone 
conclnaion. Still I fully believe that if boots could be made 
to really fit the foot^fit it as a coat or lady's dress fits the 
shoulders— the advantages of cloth for summer wear would 
ensure an extensive aiioption. The objection to cloth boots 
is generally expressed in the word clumsy. 

Boots are not fitted to the foot while in process of making, 
as tailors or dress-makers try on their unfinished work : 
they are fitted once for all on a last, supposed to supply the 
purpose of a gauge rather than a model on which the work 
is done. My own feeling is that this laitt should be indeed 
a model throughout, of the aauie form as the foot, and 
including a portion of the leg above the ankle. That there 
is no valid reason why this should not be will be shown 
further on. 

First, as to the outline of the sole. I distrust the pencil 
tracing run round the foot with no guarantee that the pencil 
will always be held upright or inclined at the same angle. 
I much prefer a tracing made by measurement from two 
parallel Hues along other parallel lines, as indicated in fig. 
45. By holding an ordinary flat rule on edge it is easy to 
measnre from these lines to the edge of the foot, and note 
the distances from the heel of every measurement taken. 



But a ground plan of the sole and a series of girths is not 
sufficient ; the contour should be taken. If the diiferences 
in the two sides of the foot should ever come to be fully 
realized, it may be that this in every case would not be 
necessary; the sole-outline and dimensions would be suffi- 
cient direction for filling in the contour. I have never yet 
seen, except so far as I myself have had them made, lasts 
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■which had any pretensions to following the contour of the 
foot. But, snrely, the highest part of the foot should have, 
as far as possible, its exact counterpart in the last which is 
to serve as a model for its clothing. 

From this the necessity has followed for having some 
means of taking measures, not of length and girtli only, but 
also supplying contour lines. It is also obviously necessary 
that these should be capable of expression in such form that 
the last or model-maker can understand them, and that 
means should exist for verifying the accuracy with which 
the directions given have been fulfilled. 
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To fulfil these conditions I devised a form of foot-stand, I 
which, for the sake of a distinguishing name, I propose to ■ 
call the pedistat, fig. 46. It consists of wood, and has a 
middle platform twelve inches long and four wide. At one 
end of this is a block, against which the heel is placed. 
Outside the two borders of the platform are sunken grooves, 
along which slide two upright brass pillars ; the inner edges 
of these also maintain a distance of four inches apart. The 
margins outside the grooves are graduated in one-eighths of 
an inch, dating from the heel block. The pillars are simi- 
larly graduated, dating from the platform, level. These 



pillars slide by means of a rnuning screw, moved by a round 
milled head, seen in front. 

A 6ix-inch brass rule is provided, marked in the middle, 
bat the inches not numbered ; this so as to measure either 
from the end of the rule or, when sliding in the grooves of 




the two pillars, from the first inch. The corner is cut off at 
one end and not at the other, so as to afford a pointed or a 
square ending, as desired. Both sides are graduated alike, 
the longer edge being bevelled, so as to run in the grooves 
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of the pillars. When these are set at any place in the 
length of the foot, the brass rule bridging across from pillar 
to pillar will fix the exact position of the highest point of a 
section acrosa that line. L. H, D. will indicate its length 
from the heel block, its height from the platform level, and 
the distance from the inner or onter border of the four-inch 
platform. 

It is obviously easy to see whether a last with a flat sole 
has any point, corresponding to one in a given foot, accurately 
placed, aa in the directions. Nor is there any difficulty in 
giving a ground plan which shall express the distances (D) 
and the lines, along or across the foot, at which sections are 
made by means of measurementa recorded. 

In fact, the making of any number of sections is only a 
question of time and care. If, however, the outlines com- 
mon to all feet be known, very few are necessary, A section 
made, if cut out in cardboard, supplies a gauge by which to 
test the last in making it. 

Fig. 45 shows a sole outline so taken, the extreme length 
being found by stretching the rule from pillar to pillar. 
The additional length has been added and the desired curve 
given. What this additional length should be must vary 
according to the thickness of material. Some must be 
given ; for although the supposed lengthening of the foot in 
walking is fallacious, room must be given, for various 
reasons. The foot does expand a little in standing. It is 
liable to slide forward in going down hill. Turning room 
must be given to the leather, especially if it be thick. 
Finally, the unpleasant appearance caused by too sharp, too 
abrupt, a turning, is thus prevented. 

Now suppose that the contour, following the leading line, 
coincident with Meyer's line, be desired. If the length from 
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the heel block (L), the height as shown by the pillars (H), 
and the distance from the inner margin (D), be all noted at 
a succession of points, a section is easily obtained. So alao, 
if the pillars be fixed opposite the creasing point, data are 
easily obtained for a section across the foot. These are the 
two sections, indicated by the lines A B and C D in fig, 45, 
which were actually supplied with the ground plan shown 
in that figure. 

The ordinary last is shown in fig. 47. The part corre- 
sponding to the ankle has no pretension to be at all like the 
ankle itself. The curved upper surface is shaped as seen in 
plan at a. The upper part of the hinder portion projects 
backwards, (even more than is shown in the figure) although 
the tendon above the heel lies further forward than the heel 
itself. This is for the obvious purpose that the last shall 
draw, that is to say, be drawn from the boot, which, if it 
were larger below than above, could not be done. It will 
be seen that the last is divided in snch a way that, although 
the upper part can be moved, the sole-line is continuous. 
At b a section of an ordinary last would be, as shown, 
highest in the middle, whereas the great toe, and still more 
the joint at the root of it, is manifestly thicker than the 
little toe on the outer side. 

The ordinary last is always raised at the toe, so that the 
tread of the foot shall rest in a hollow of the boot-sole. 
Thus it is only when the heel is raised that the toes can he 
brought to the ground.* To this I object. For ordinary 
walking boots, snch as I use myself, I am sure that it is not 
necessary. These, however, have no heels : I would not on 
any account return to the use of them. 

In my judgment no last is satisfactory that does not con- 
form to the shape of the foot throughout, as ti stands on a 

' Acoording to the degree, the last is said to liave ipHng. 



level surface. It should even induile a small portion of the 
leg above the aokle. The diEBcalty of dratvin^ the last ia 
got over by a little device of my own, represented in fig, 48. 

Here the last has no longitudinal division, as in fig. 47 ; 
the necessary division is made from c to e. Before this ia 
done a hole is drilled from above the heel throngh to the 
sole at the part corresponding to the tread. The ends are 
counter- sunk, bo as to receive a screw-head above and a nut 
below, where the broken surface la filled in with leather, so 
as to render the sole smooth. The cut, c d, is made at right 




Ordinary form ot laai. Compare fig. 46. 

angles to the drill hole, so that when the pin, for which the 
hole is intended, is screwed into the nut, it shall pull qnite 
straight on the opposed surfaces and not obliquely. "When 
the cut is made as far as d, it is met by one made from and 
at right angles to the sole. The two lines thus meet and 
form a slight shoulder at d. This locks the two pieces 
together and prevents rotation, as well as any tendency of 
the hinder piece to slip up the incliued plane presented by 
the piece in front. 



When, on the boots being finished, it is desired to with- 
draw the lasts, the heel part is turned back, so as to expose 
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the screw-head and allow the pin to be unscrewed. The 
pin being withdrawn, the sole is bent upwards, so as to 
dislodge the hinder part, by raising the sole line and bring- 
ing it above d, when it moves up the inclined plane. The 
hinder part now moves forwards as it moves upwards, and 
so allows the projecting heel to be withdrawn. The front 
part is then pushed back from the toe, when it is easily 
removed. 




Fig 48 

Author's form of last ; a being a horizontal section across the ankle ; h a vertical 
section through the front part. The dotted lines show the pin uniting the two 
parts divided along the line c d 0. 

It is, moreover, eminently desirable that the last should 
admit of being replaced in the boot. By this means alone 
can the question be tested whether the boot-maker has cut 
his patterns so as to fit the last, or whether he has stretched 
the leather so as to make it lie smooth. With this form of 
last, replacement within the boot is easy, if the boot really 
fit the last. 



These lasts (fig. 48) are seen to be not only without spring 
at the toe but with a continuous line in front of the heel, 
and, apparently, without any waist, as it is called. The fact 
is that the great majority of feet do touch the ground along 
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the whole line, bo far as the ontcr margia is coDcerned, aa^ 
where this is the case it is better that the lastu shoald do » 
If, however, the pair of lasts be pat together, they have thtfl 
same dome-like form as the pair of feet whose sole printff ' 
are given in lig. 20. There is, in fact, a waist, altbongh it 
does not extend to the sole line on the outer side. 




to^H 



Here I would point ont that a strongly-marked waist to 
boot, as a means of snpporling the arch or of making 
appear more arched than it really is, leads to disappointment. 
True, it gives some sense of support, at least when the boot 
is first worn, but the weight of the body soon bears it down 
and the whole boot is distorted.* The means by which, 
and by which alone the arch can be properly supported have 
been fully explained. The last should have as much and 
only as much waist as the foot has. J 

One sees it stated by last makers that " by having laats] 
made to your feet you not only ensure a perfect fitting boot 
but are always certain that each succeeding pair will be of 
the same shape," Would that it were so. Such, however, is 
not the fact. If the vamp be cut, as in fig. 49, the same for 
each boot, as is usually done, it is obvious that, if the last 
be highest on the inner side, following the contour of the 
foot, then the leather most be more stretched on the inner 
than on the outer side. When the support of the solid last U 
removed the leather will sink on the inner side, giving 
insufficient room for the ball of the great toe. The whole 
foot is thus driven against the other side of the boot, and it 
is erroneously assumed that more room is wanted on that 
side. 

If, on the other hand, the vamps be cut so as to fit each 
foot, the two will have somewhat the outlines as in fig. 50 ; 



* Pads or eprings, for the purpose of sapportiiig' the uch, duold te 
avoided. In proportton te tbef press it Bpirwde, thej praai opoB lad 
p<irU;»e tlie maa^ei at the eole. 
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one, turned over, is a pattern by which to cut the other. 
Then, the last being removed, the leather should stand up 
on the inner side, and not have the least tendency to fall. 
This will be so if the pattern really fit the last. 






Fig. 49, 50, explained in the text. 

When the pattern has been cut in this manner, and really 
fits the foot, it becomes absolutely necessary to discard all 
idea of symmetry. Let us suppose that the line of the laces 
in a Balmoral boot, or a prominent seam in the upper leather 
in one of another kind, come down from the front of the 
ankle through a to c, fig. 50. The upper part of the boot 
will then seem to point in that direction, towards e, while 
the front part will point in the direction of the great toe, 
towards d, A very awkward appearance is the result. 
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The line of the laces or of a seam should follow that which 
has been called the leading line of the foot. It then follows 
the crest of the ridge and points towards tlie great toe, and 
thus accords with and expresses a line which exists, and s. 
far more pleasing appearance is afforded. The two sides of | 
the boot are in that case not Bymnaetpical. Nor should 
they be. The line a h pointing towards d (fig. 50) indicatea 
the direction that the laces or visible seam should take. 

Bnt, it may be asked, how is a pattern to be cut so as to 
fit the last ? How can an accurate fit be ensured ? A skilful 
boot maker might find a better or simpler plan than mine. 
I mark or have marked on the last a line indicating the 
margin of the vamp. I then lay a nai-row strip of paper, 
say half-an-inch wide, along a portion of this line, let it ran 
quite smoothly wherever it will go, and attach the ends to 
the sole by drawing pins. I then keep on laying similar 
strips overlapping each other, and gum them together as it 
is done until the whole surface is covered. The gum having 
dried, the whole sheet is spread out, and a single piece of 
paper of the shape which these many pieces have assumed 
is cut to form the pattern. The proceeding does not take 
long, there is really no difficulty in it. 

StiJl, even if the last conform to the foot and the pattern 
of the vamp to the last, the result may yet be bad. The 
leather which projects over the margin of the last will lie 
smoothly along the inner and outer edges as it is turned 
over to be attached to the sole. But at the angle correspond- 
ing to the great toe, and, in a less degree, at a point opposite ] 
the little one, the leather will fall into folds crowded together, 
involving milch difficulty in getting it to lie smoothly as it 1 
is turned over the margin of the last. The boot maker will ' 
save himself trouble if, instead of carefully arranging these ' 
folds where they are, he should slide some of the leather 
backwards from d towards /, and from e towards g (fig. 50). 



If he do so, bye and bye when the boot has been worn, the 
leather will fall into grooves having those directions. 

Thus while a good last affords the means for obtaining a 
perfect fitting boot," it does not ensure that it will always 
le " of the same shape." It ought to do so, and, in careful 
lands, it will. 

A difficulty may be found in getting lasts of the new pat- 
tern made. It is out of the ordinary way, and last makers do 
not like it. There is, however, no real difficulty in making 
them. In fig. 48 every measurement can be referred to a 
straight line on the sole below and to another across the 
ankle above. In fig. 47 there is no straight line anywhere. 
A last maker accnstomed to that form may make them more 
easily, but, in point of fact, anyone accustomed to wood 
carving could easily leani to shape ont those having two 
straight lines, above and below, as in fig. 48. 

As already stated I object to a last which has any 
^ring or elevation at the toes. For good foot-hold pressure 
on the ground by the great toe before the heel rises is neces- 
sary, and this, as it seems to me, is impossible if the toe be 
uplifted. How far upring in the last would be necessary in 
boots with very thick soles I can't say. Of this, however, 
I have no doubt — that boots are often made with soles 
unnecessarily thick. The best provision against rapidly 
wearing out of the boot and against foot -soreness, is in 
letting the foot fall on the ground, with the sole level, and 
in firmly pressing it on the ground without friction. 

It may be too that for boots having heels some sjiring 
■would he required, which obviously must vary according to 
the height of the heel intended. 

!ere the question arises — ^Why is a raised heel necessary 
at all ? I do not admit that it is necessary, or even advisable. 
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The presmnption is that in a structure so perfect as the foot 
no change of level in the sole at any part is desirable. The 
onus of proof, then, that heels are required rests with those I 
■who advocate them ; it is not necessary to prove the nega- 
tive. I may however point out that if, as I contend, the I 
movement incidental to change of position is the agency hy \ 
■which the arch of the foot is maintained, then that move- ] 
ment should be free. If the heel is to he vigorously raised, 
it must be allowed to go dotvu as a preliminary to springing 
up. And in direct proportion as the heel is high this going 
down is prevented. 



The raising of the heel does not necessarily tend to 
destruction of the arch of the foot. We see sensational 
pictures of a bridge with one of its abutments uplifted and 
the stones falling out of place as indicative of the injury i 
done by high heels. This is not true to nature : the arch is I 
not only just as strong ■when the heel is raised as when the ' 
foot is flat, but, when raised by the action of muscles, it ia ) 
even stronger. 
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The evils really due to high heels in boots are these — ■ I 
First, the heel of the foot ia prevented from going down, I 
the necessary preliminary to springing up, which is the ' 
most important movement from a functional point of view. 
Secondly, the foot rests ou an inclined plane, and there is a 
constant tendency to slide forwards, driving the toes like a I 
wedge into the front part of the boot. In this position the I 
toes cannot move comfortably, and the tendency is for them I 
to remain quiescent, and all the weight of the body to fall I 
plump on the joint at the root of the great toe, to its damage, ] 
with all the train of evils, therefrom resulting, which have 1 
been detailed. 

High heels are supposed to be an elegance derived from 
he French, who are credited with a taste superior to onr 
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a. It is not however generally recognized that the French 
idea of a high heel is a thing to rest on, not to walk on. 
The observant Max O'Rell, who has contrasted the manners 
and customs of the two countries, says that an English lady 
walks with her arms hanging down, supporting herself on 
her heels, the French lady walks with her arms bent, sup- 
porting herself on the toes.* I have seen it stated, in print 
and in all gravity, that French ladies actually practice this 
manner of walking with a slipper fitted with an India-rubber 
ball beneath the hee). This ball squeaks when subjected 
to pressure, and the object in the practice is to move freely 
and yet not sound this squeak. 

We read in the Drama o/J793, by Alexandre Dnmas, that 
Marie Antoinette entered the hall, on her trial, with that 
step of which Virgil speaks, and which reveals the qneen or 
the goddess-t It is very difficult to imagine the possibility 
of this being done in high-heeled boots. Anyway we may 
be quite sure that there was no ponnding on the heels such 
as strikes the ears of anyone living in an English town and 
sitting in a room next the street. 

The reason most readily assigned for heels as being neces- 
sary is for the purpose of keeping the wearer "out of the 
dirt." Why there should be any greater need for protecting 
the heel than the front part of the foot does not appear. 
The latter is by far the more sensitive. Moreover, ^'hen 
one walks in a specially dirty place, it is on the toes rather 
than on the heel that it is done, a raised heel to the boot 
notwithstanding. In the matter of cleanliness there is a 
distinct advantage in a boot without a raised heel ; the sole 



:8 bras pendants, en appujont but lea talona ; In 
plies, en appnjant aur la point* de pieda. 

+ Elle entra dans la salla de ce paa dont parle Virgile, et que c£vBlc la 
reine on la deesse. — Tlie reference is to tlie ^neid, Book I, line 40"j — et 
reia inoecsa patait dea. 
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can be passed backwards and forwards along the scraper oc i 
door mat without hindrance from the projecting heel, ' 
Gentlemen may object that the hinder edge of the tronser I 
at the heel will rnb up and down at the heel. It is simply 1 
a qnestion of shape : trousers for boots without heels ahonld.l 
be shaped somewhat differently from those intended to be I 
worn with them. 

That tronsera are, as an element of dress, essentially h 
at least when activity is desired, there can be no doubt. I 
Pedestrians and horsemen and cyclists all recognize this,,! 
and the workman imitates the breeches and gaiters, whicb 1 
he, of all others, ought not to have abandoned, by fastening 1 
a strap beneath his knee around the up-drawn tronser leg. I 
When men have learned to use and to clothe their feet a 
they should do, then the same freedom which develops finaJ 
feet will develop fine legs, and a demand may arise for i 
dress that will display them. 

For the freedom necessary to anything approaching perfect I 
function one element in the boot is absolutely necessary, — 1 
it must have a straight inside edge. A good foot has the ■ 
great toe coming up to and even beyond a straight line with j 
the heel and the inner margin of the foot— this is seen in J 
fig. 20 pi. 7 — and the boot must permit it to assume that I 
position when the toes are pressed against the ground. 
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This point is mentioned with the more emphatic inais- 1 
tance because the view has, on high authority, been recently I 
put forward that Professor Meyer was wrong when he aaid I 
that this form of boot is the right one. It is argued that 1 
because mocassins, as worn by the North American Indiana, ] 
and slippers, as worn by ourselves, always turn np at the 1 
toes ; and that because, when the toes are turned up, the 1 
great toe is not in line with the inner margin of the foot ; 
therefore the boot need not be made with the inner margin ' 
straight. 
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To me it is perfectly clear that, in good walking, the toes 
most, at one period in tlie step, be pressed against the ground 
■when the great toe is in line with the inner margin of the 
foot ; and that the boot must allow this to take place jnst as 
if the toes remained in that position throughout. 

I differ from Professor Meyer only in this. 1 do not see 
I the need for leaving nnoccopied apace opposite the smaller 
toes merely to make the outer match the inner side of the 
I boot, which it ought not to do. 

The evils wrought by the absurd desire to make the boot 
Ls even sided as possible and as pointed as the wearers can 
bear them, are terrible in amount and more or leas universal 
in extent. The severer forms are, it may be, little known 

I to those who, wearing only boots of soft material, and 
making only moderate use of their feet, are conscious in 

I themselves of little if of any such trouble. And yet the 
adult foot of perfect development, which would serve as a 

1 model for an artist, is, I believe, in either sex not easy to 

1 find. Of minor troubles and of very imperfect development 

fare not examples everywhere abundant ? 

The ugliness which arises from weakness or from flistor- 
[ tion is so common that the belief has arisen in the minds of 
' those who deplore it that the glory of the human foot has 

departed ; that finely made feet, beautiful in their manifest 
I strength, can never again be the rule unless boots and shoes 

be discarded. Some enthusiastic mothers adopt this plan 
I for their children, but find few to imitate them. 

The practice of going bare-footed, even for children, will 
not become general, whoever may recommend it. This is 
BO far certain that little good can come from discussion of 
the advantages of such practice. That it has advantages 
there can be no doubt. We may regard a street Arab, 



ranning on pavement, aB an object ot pity because he has tm 
boots. He, probably, whatever else may be his needs, would 
prefer not to wear them, even if given to him. 

On the other hand it must be remembered that, speaking 
generally, races and persons going bare-footed do not have 
fine feet. 

If the object be to fully develop the form or the faculties j 
of the foot, it is best done withont impediment by clothing 
of any kind ; bat then the surface on which they are to 
move must be selected. If, however, the foot be properly 
clothed and properly used, I believe that no serious impedi- 
ment to its functions need exist. On the other hand it may 
be that, under ordinary circumstances, complete confidence i 
at protection against injury may do more to promote freedom I 
of movement than good foot-clothing will do to impair it. 

My endeavour has been to show that the form of the 1 
human foot is developed and the struchire supported m and I 
by the free exercise of its /unctions, and that to this the I 
clothing ought to conform. I see no reason why this may ' 
not be. 

Let freedom of function be relied on to give full support. 
Let the unnatural custom of turning out the toes be aban- 
doned. Let it be nnderstood that if standing is to be ] 
prolonged it must be not merely a sinking into position. 
Let it be realiaed that the two sides of each foot are not I 
symmetrical, and ought not to be made to appear so. Let J 
the form of boot-lasts correspond in shape to that of feet ] 
in action. Let boots be made to fit the lasts as carefully aa J 
if always made of unyielding material. Then, as I believe, 
the foot may be clothed with every reasonable regard for 1 
comfort and elegance, and yet, attaining its highest develop- 
ment, be preserved in the fulness of strength and of beauty. I 
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